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An  interesting  development  of  research  into  the  cause  of  dental 
caries  is  experimental  production  of  cavities  in  rat  teeth.  This 
condition  has  been  described  by  several  investigators,  but  as  yet 
there  is  no  unanimity  of  opinion  as  to  the  nature  or  significance  of  the 
lesions  obtained.  A  review  of  some  of  the  recent  work  in  this  field  will 
indicate  our  reasons  for  further  study  of  these  experimentally  produced 
lesions  in  teeth  of  rats. 

McCollum,  Simmonds,  Kinney,  and  Grieves  (10),  in  examination  of 
220  rats  on  various  diets,  found  lesions  resembling  caries  in  teeth  of  31 
percent,  and  fractures  in  29.5  percent.  No  distinction  was  made 
between  teeth  of  upper  and  lower  jaws,  and  it  appears  that  lesions 
were  found  in  both.  Many  cavities  illustrated  and  described  as 
“caries-like”  might  easily  have  originated  from  fractures.  Bunting 
(5),  in  a  similar  investigation,  found  dental  cavities  in  31  of  56  rats 
examined.  He  also  made  no  distinction  between  upper  and  lower 
teeth.  In  both  his  illustrations  of  cavities,  intact  enamel  may  be  seen 
on  one  side  of  the  defect — ^and  an  apparent  fracture  on  the  other, 
resulting  in  complete  loss  of  enamel  and  exposure  of  dentin.  Although 
he  did  not  mention  the  fact,  of  38  animals  on  a  diet  containing  maize 
meal,  30  showed  dental  lesions,  while  this  was  true  of  only  1  of  28  fed 
on  a  maize-free  diet.  Marshall  (9),  although  mentioning  occurrence 
of  carious  lesions  in  upper  teeth,  did  not  compare  incidence  there 
with  that  in  lower  teeth.  His  illustrations  show  fissures  in  which  one 
wall  has  been  fractured,  while  the  base  and  remaining  wall  remain 
intact.  Klein  and  Shelling  (7)  showed  “caries”  in  rat  molars,  their 
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illustration  revealing  the  same  difference  between  enamel  walls  as  do 
Marshall’s.  Hopper,  Webber,  and  CannifI  (6)  found  that  rats,  on 
adequate  diet  containing  60  percent  of  yellow  corn,  developed  “caries” 
in  mandibular  molars;  animals  on  deficient  diet  with  an  oatmeal  base 
did  not.  Proceeding  from  this  observation,  they  placed  rats  on 
adequate  diets  in  which  the  com  particles  varied  as  to  degree  of  fine¬ 
ness,  and  observed  decrease  in  severity  of  dental  lesions  paralleling 
decrease  in  fineness  of  the  corn  meal.  They  produced  similar  results 
with  ground  rice;  when  wheat  was  used,  the  effect  was  less  marked. 
It  was  postulated  that  larger  particles  of  meal  became  impacted  in 
molar  fissures  while  fine  ones  did  not,  and  that  fermentation  of  this 
impacted  food  resulted  in  formation  of  cavities.  They  found  mandib¬ 
ular  first  and  second  molars  most  susceptible  to  formation  of  these 
cavities,  but  apparently  overlooked  the  fact  that  fissures  of  these 
teeth  are  in  many  instances  too  narrow  to  admit  particles  of  food  of  the 
size  most  productive  of  “caries”  (mesh-20  sieve).  Their  illustrations 
showed  loss  of  posterior  enamel  wall,  while  anterior  enamel  remained 
unaffected.  Bodecker  and  Applebaum  (4)  described  “caries”  in 
mandibular  teeth  of  rats  presumably  on  diet  deficient  in  vitamin  B. 
They  suggested  that  the  process  in  rats  differed  from  that  in  humans 
because  it  originated  in  exposed  dentin  of  worn  cusps,  leaving  the 
enamel  of  fissures  intact.  In  an  illustration  they  showed  what  was 
apparently  a  fracture  of  the  posterior  wall  of  an  occlusal  fissure. 
Blackberg  and  Berke  (3)  reported  production  of  “caries”  in  teeth  of 
rats  receiving  a  deficient  or  excessive-viosterol  ration — when  viosterol 
content  was  optimal,  teeth  were  normal.  The  lesions  supposedly 
simulated  human  caries,  but  their  photomicrographs  suggest  that 
dentinal  destruction  originated  in  posterior  fissure  walls.  In  one,  the 
anterior  side  of  the  fissure  shows  intact  enamel,  while  in  another 
(decalcified  section)  there  is  a  perfect  fissure-base  disclosing  remains  of 
apparently  normal  enamel.  Agnew,  Agnew,  and  Tisdall  (1)  found  that 
72  of  79  rats  showed  “macroscopic  caries”  when  placed  on  diet 
deficient  in  P  and  vitamin  D,  and  in  which  ground  yellow-com  was  the 
principal  constituent.  In  three  groups  totalling  42  animals,  under 
the  same  dietary  conditions,  except  that  P  or  vitamin  D  had  been 
added,  21  showed  these  lesions.  Of  365  rats  on  adequate  diets,  in 
which  either  whole  wheat  or  corn  starch  was  the  principal  constituent. 
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none  showed  “macroscopic  caries;”  neither  did  alteration  of  the  latter 
diet,  to  render  it  deficient  in  either  P  or  vitamin  D,  produce  this 
condition  in  any  of  19  animals.  In  this  work  no  differentiation  was 
made  between  upper  and  lower  teeth;  but  all  actual  cavities  shown  in 
the  illustrations  are  in  lower  teeth — and  in  these,  although  anterior 
walls  of  fissures  remain  almost  intact,  posterior  walls  have  been 
completely  destroyed.  Shibata  (13),  and  Rosebury,  Karshan,  and 
Foley  (12),  reported  production  of  lesions  resembling  human  caries  in 
rats  on  deficient  diets  containing  unground  rice.  The  latter  paper 
draws  attention  to  the  fact  that  fracture  of  the  distal  cusp  of  the  lower 
first  molar  may  cause  cavities  in  that  tooth. 

This  survey  of  studies  of  so-called  “caries”  in  rat  molars  shows  that 
the  observations,  with  a  few  exceptions,  have  not  been  made  carefully, 
and  that  there  is  ample  reason  to  doubt  that  this  process  of  tooth 
destruction  resembles  dental  caries  in  man.  The  observations  in  this 
report  of  “caries-like”  lesions,  in  teeth  of  rats  on  inadequate  diet  in 
the  course  of  other  experimental  work,  appear  to  throw  light  on  the 
pathogenesis  and  significance  of  such  cavities. 

Methods  atid  materials.  Healthy,  female,  albino  rats,  within  10  grams  of 
the  same  weight  and  separated  into  groups  differing  as  to  t\q)e  of  diet  and 
cod-liver-oil  ration,  furnished  the  teeth  upon  which  this  study  is  based. 
Synthetic  diet — 76  parts  of  ground  yellow-corn,  20  of  wheat  gluten,  3  of 
calcium  carbonate,  and  1  of  sodium  chloride — was  used  as  a  basis,  so  that 
the  vitamin-D  allowance  might  be  varied  by  addition  of  different  amounts 
of  cod-liver  oil.  Another  diet,  consisting  of  scraps  of  hospital  food,  was 
fed  to  two  groups,  in  one  of  which  development  of  repeated  pregnancies  was 
permitted.  Four  other  miscellaneous  groups  on  the  same  refuse-diet  were 
also  examined.  At  the  beginning,  all  the  rats  comprising  the  synthetic 
diet  and  pregnancy  groups  were  between  the  ages  of  90  and  100  days.  The 
experimental  conditions  were  continued  for  from  150  to  250  days.  In  the 
miscellaneous  refuse-diet  groups,  the  ages  varied  from  60  to  850  days,  the 
animals  having  lived  on  the  same  diet  since  weaning.  The  number  of  rats 
in  each  group,  and  the  different  dietary  conditions,  may  be  noted  in  table  1; 
the  teeth  of  50  rats  on  the  synthetic  diet,  and  94  on  the  refuse  diet,  were 
examined. 

At  the  end  of  various  experimental  periods,  the  rats  were  killed,  jaws 
separated,  and  teeth  studied  under  a  binocular  microscope  at  a  magnifica¬ 
tion  of  from  14  to  30  diameters.  By  means  of  special,  fine  e.xplorers. 
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examination  was  made  of  every  fissure  of  each  tooth  on  both  sides  of  each 
jaw.  Excepting  a  few  observations  at  the  beginning,  microscopic  findings 
on  each  tooth  were  recorded  separately  on  a  chart.  In  addition  to  presence 
of  definite  cavitation,  signs  of  fracture  of  cuspal  enamel,  and  degree  of 
attrition,  were  also  recorded.  The  last  was  noted  as  an  enamel-dentin 
r^tio,  observed  at  five  points  on  cusps  and  cuspal  ridges.  Since  degree  of 
attrition  depends  largely  upon  length  of  time  teeth  have  been  in  use,  it  was 

TABLE  1 


Occurrence  of  cavities  in  teeth  of  rats 


GROUP 

rats:  no. 

CONDITION 

EXP.  period: 
DAYS 

RATS  WITH 

cavities: 

NO. 

A 

5 

Synthetic  diet:  0  drop  C.  1.  oil 

■  ■ 

4 

A-control 

6 

<<  «  ^  U  it  it  (( 

4 

G 

8 

it  a  ^  it  it  ((  (( 

180 

7 

G-control 

6 

it  a  1  a  ti  ti  ti 

180 

6 

E 

6 

a  ti  ^  ((  ti  it  ti 

150 

3 

E-control 

5 

it  ti  it  it  ti  it 

150 

4 

F 

■■ 

it  a  3  it  it  tt  it 

4 

150 

9 

F-control 

ii  a  1  a  it  it  it 

150 

4 

C 

WM 

Refuse  diet;  repeated  pregnancies 

170 

0 

C-control 

8 

“  “  no  pregnancies 

170 

1 

Z 

19 

“  “  (castrated) 

300 

0 

X 

19 

Refuse  diet 

350-500 

0 

Y 

38 

«  “ 

70-850 

2* 

\V 

3 

it  « 

60-90 

0 

Synthetic  diet; 

total . 

50 

Various 

Various 

41 

Refuse  diet: 

total . 

94 

tt 

it 

6 

*  One  aged  80  days;  one  aged  400  days. 


thought  that  the  great  increase  in  incidence  of  cavity  formation  in  old 
rats  might  depend  upon  this  factor,  and  that  possibly  a  relationship  between 
cavity  incidence  and  degree  of  attrition  might  be  established.  After  a  short 
exi)erience,  however,  it  was  realized  that  such  a  relationship  would  be  most 
uncertain,  since  morphological  variation  in  cusps  and  ridges  made  compar¬ 
ison  of  measurements  of  attrition  worthless. 

To  determine  histological  features  of  lesions  in  teeth,  molars  were  sec¬ 
tioned  for  microscopic  examination.  Of  the  jaws,  35  in  which  there  had 
been  extensive  cavitation  or  in  which  macroscopic  diagnosis  had  been 
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uncertain,  were  prepared  for  grinding  in  balsam,  a  means  to  reveal  incipient 
lesions  in  doubtful  fissures,  or  in  approximal  enamel  walls  adjacent  to 
cavities.  Decalcified  sections  were  prepared  from  150  of  the  remaining 
jaws,  including  most  teeth  from  mouths  which  had  shown  extensive  tooth 
destruction  or  any  departure  from  normal.  These  preparations  were 
principally  of  upper  molars — a  number  of  lowers  were  similarly  treated. 
Ground  sections  were  not  stained;  decalcified  preparations  were  treated 
with  haematoxylin  and  eosin. 

Ohscrcations:  macroscopic.  The  most  striking  finding  was  high 
incidence  of  cavitation  in  molar  teeth  of  rats  on  the  synthetic  diet, 

TABLE  2 

Details  of  cavities  in  rat  molars 


TEETH 

FISSURES  AFFECTED  BY  CARIES, 

IN  TEETH  INDICATED 

GROUP 

Af¬ 

fected: 

no. 

Upper: 

no. 

Lower: 

no. 

Upper 

teeth: 

no. 

Lower 

teeth: 

no. 

Lower 

1st 

mol.; 

no. 

Lower 

2nd 

mol.: 

no. 

Lower 

3rd 

mol.; 

no. 

Total 

uppers: 

% 

Total 

lowers: 

% 

A 

7 

1 

1 

6 

1 

6 

5 

1 

0 

1.7 

10.0 

A-control 

7 

1 

6 

1 

6 

5 

1 

0 

1.7 

10.0 

G 

27 

26 

1 

48 

26 

20 

2 

1.0 

50.0 

G-control 

17 

14 

3 

19 

8 

11 

0 

4.0 

26.3 

E 

5 

0 

5 

0 

mm 

2 

5 

0 

0 

9.8 

E-control 

8 

1 

7 

1 

8 

2 

0 

1.7 

16.7 

F 

26 

0 

26 

0 

52 

33 

19 

0 

0 

43.3 

F-control 

13 

0 

13 

0 

25 

14 

11 

0 

0 

50.0 

W,  X,  Y,  Z,  C, 
and  C-con- 
trol 

6 

1 

5 

1 

5 

2 

0 

1 

0.1 

0.6 

Total .  116  8  108  8  178  104 


quite  irrespective  of  adequacy  or  inadequacy  of  vitamin  D.  Lesions 
occurred  in  lower  teeth  much  more  frequently  than  in  uppier.  On 
exploration  with  fine  needles,  it  was  also  noticed  that  dentin  was  con¬ 
tinuous  on  the  posterior  side,  from  the  posterior  attrition  surface  of 
cusps  to  the  base  of  cavities,  where  it  was  frequently  much  softened. 
I'he  anterior  side  generally  presented  a  different  picture,  for  here  almost 
always  an  enamel  surface  was  encountered  between  exposed  cuspal 
dentin  and  the  depth  of  the  lesion.  It  was  not  uncommon  to  find 
that  enamel  was  entire  and  continuous  to  the  base  of  the  cavity  (Jigs. 
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5,  6  and  7).  A  possible  explanation  of  this  difference  was  found  when 
it  was  noticed  that  some  of  the  fissures  had  overhanging  posterior 
walls,  and  that,  while  fractures  of  enamel  were  commonly  found  on  all 
parts  of  cusps,  those  in  overhanging  walls  were  not  only  much  more 
common  but  also  much  more  extensive.  Attrition  was  always  present, 
but  it  was  not  possible  to  establish  a  connection  between  its  extent  and 
the  presence  of  fractures  and  cavitations.  Table  1  records  incidence 
of  cavities  in  various  dietary  groups;  table  2  shows  greater  frequency 
of  occurrence  in  certain  teeth. 

Microscopic.  It  has  been  found  convenient,  in  describing  findings 
in  lower  molars,  to  differentiate  fissures  (a)  of  the  anterior  enamel 
wall,  which  forms  an  obtuse  angle  with  the  base,  and  (b)  of  the  posterior 
enamel  wall,  which  forms  an  acute  angle  with  the  base.  These  walls 
are  hereinafter  called  obtuse  and  acute  enamel  walls.  In  26  ground 
sections,  35  lesions  were  found,  of  which  29  showed  definite  cavitation 
with  involvement  of  dentin,  and  occasional  exposure  of  pulp.  In 
every  instance  there  was  loss  of  the  acute  enamel-wall  along  its  whole 
length.  Generally  this  area  of  enamel-loss  included  a  greater  portion 
of  the  base  of  the  fissure,  but  seldom  extended  beyond  the  base  of  the 
obtuse  wall.  Frequently  dentinal  destruction  could  be  seen  to  extend 
from  exposed  dentin  of  the  acute  wall  or  the  base  of  the  fissure  under 
the  enamel  of  the  obtuse  wall,  which  thus  deprived  of  support  appeared 
liable  to  fracture.  In  some  the  enamel  at  the  base  of  the  fissure 
remained  whole  and  continuous  with  the  obtuse  enamel  wall.  In  one 
instance,  the  only  normal  dentin  was  found  under  such  an  intact  fissure 
base.  In  four  lesions  of  uncertain  origin  there  had  been  complete  loss 
of  all  enamel  and  even  of  anterior  cusps.  On  two  occasions  enamel 
changes  suggestive  of  human  caries  were  seen  at  the  base  of  fissures, 
one  exhibiting  also  slight  dentinal  reaction.  In  neither  instance,  how¬ 
ever,  was  there  loss  of  enamel.  In  a  number  of  teeth,  areas  of  pig¬ 
mented  enamel  were  observed  in  fissures  and  also  on  approximal 
enamel  walls.  Inasmuch  as  pigmentation  occurred  in  both  exposed 
and  unexposed  approximal  enamel  surfaces,  and  not  in  relation  to 
cavities — ^and  as  these  changes  are  not  definitely  comparable  to  caries 
(2) — they  have  not  been  listed  here. 

Examination  of  decalcified  sections  yielded  similar  findings.  In  20 
large  cavitations,  fracture  of  the  acute  enamel  wall  of  the  fissure  had 
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apparently  preceded  destruction  of  exposed  dentin.  In  almost  every 
instance  this  dentinal  lesion  ceased  either  at  the  base  of  the  fissure  or  a 
short  distance  up  the  obtuse  wall.  In  some,  however,  there  had  been 
complete  loss  of  the  anterior  cusp,  in  which  event  reaction  was  con¬ 
tinuous  to  the  edge  of  the  tooth.  Some  abnormality  in  the  dentin  of 
the  fissure  base,  independent  of  any  changes  in  the  fissure  walls,  was 
discovered  in  10  instances,  but  in  only  5  was  there  definite  alteration  in 
dentinal  tubules.  These  conditions  were  generally  disclosed  by 
changes  in  staining  reaction,  but  since  it  is  difficult  to  differentiate 
between  true  lesions  and  variations  in  intensity  of  staining,  as  fre¬ 
quently  encountered  in  stained  paraffin  sections  of  dentin,  their  exact 
nature  was  not  always  evident.  These  changes  occurred  most  fre¬ 
quently  in  upper  teeth,  especially  in  posterior  fissures  of  third  molars, 
where  the  lesions  seemed  to  differ  from  those  in  other  teeth.  In  a 
few  fissure-bases,  a  fine  layer  of  basophilic  substance  sometimes 
remained,  apparently  superimposed  on  dentin,  but  generally  distinct 
from  it.  Possibly  this  material  originated  from  an  alteration  in  the 
enamel;  but  as  it  has  been  impossible  to  show  this  condition  in  ground 
sections,  its  nature  remains  uncertain.  This  change  has  not  of  itself 
been  considered  pathological. 

Results.  Of  50  rats  on  the  synthetic  diet,  41  showed  molar  cavities; 
of  94  on  the  refuse  diet,  only  6  showed  similar  lesions.  Of  116  teeth 
affected,  108  were  situated  in  the  lower  jaw,  only  8  in  the  upper — 
almost  93  percent  occurred  in  the  mandible.  If  the  number  of  involved 
fissures  is  considered,  an  even  more  striking  contrast  is  presented;  for  in 
lower  teeth  there  were  178  such  defects,  as  against  8  in  the  upper — 
almost  96  percent  of  affected  fissures  were  in  lower  teeth.  The 
percentage  of  affected  fissures  in  upper  teeth  is  0.18;  in  lower  third 
molars,  0.86;  in  lower  first  and  second  molars,  15.1. 

IMscussion.  From  the  foregoing  observations,  and  tables  1  and  2, 
it  is  clear  that  deficiency  of  vitamin  D  was  not  of  itself  responsible 
for  cavitation.  It  appears,  however,  that  development  of  dental 
lesions  was  related  to  some  factor  in  the  synthetic  diet.  Although  it  is 
possible  to  point  to  a  Ca-P  imbalance,  this  imperfection  should  be  held 
responsible  for  defects  only  if  it  can  account  completely  for  all  con¬ 
ditions  observed,  and  only  if  they  could  not  have  been  brought  about 
by  other  means.  To  throw  light  on  this  point  it  is  necessary  to  consider 


436 


BASIL  GLOVER  BIBBY  AND  H.  JOBE  SEDWICK 


details  of  the  dental  lesions.  The  most  striking  observation  was  high 
incidence  of  cavities  in  lower  teeth  as  compared  with  low  incidence  in 
the  upper — findings  that  differ  from  conditions  reported  (11)  for 
human  mouths,  where  upper  teeth  show  almost  twice  as  many  cavities 
as  the  lower.  For  the  rat  series,  about  the  same  percentage  (approxi¬ 
mately  15)  of  fissures  were  defective  in  lower  first  and  second  molars. 
This  value  represents  74  times  the  number  of  abnormalities  in  upper 
molars;  almost  20  times  that  in  lower  third  molars.  The  structure  of 
lower  first  and  second  molars  is  not  such  as  to  make  food  accumulations 
about  them  more  frequent  than  about  maxillary  or  mandibular  third 
molars.  On  the  contrary,  food  debris  was  found  as  frequently  in 
upper  and  lower  third  molars  as  in  any  other  teeth.  It  does  not  appear 
probable  that  any  systemic  upset  would  lead  to  destruction  of  four 
teeth  while  the  remaining  eight  were  unaffected.  It  appears  reason¬ 
able,  therefore,  to  seek  for  a  cause  depending  upon  neither  carbo¬ 
hydrate  stagnation  nor  abnormal  metabolism. 

An  explanation  for  unequal  distribution  of  cavities  in  different  rat 
teeth  may  be  found  in  the  peculiar  normal  morphology  of  lower  first 
and  second  molars.  As  will  be  observed  in  Jig.  1,  first  and  second 
molars  present  fissures  having  overhanging  posterior  walls.  After  a 
certain  amount  of  attrition,  enamel  is  completely  worn  away  and  cusps 
become  flattened.  Mastication  must  now  occur  on  dentinal  surfaces 
alone;  and  on  anterior  portions  of  these  overhanging  cusps,  the  dentin 
is  supported  only  by  posterior  enamel  walls.  By  comparing  jigs. 
1  and  2,  it  may  be  seen  that  lower  first  and  second  molars  alone  con¬ 
sistently  show  poorly  supported  masticatory  surfaces;  hence  their 
liability  to  fracture  is  greatly  increased.  Both  macroscopic  and 
microscopic  examinations  show  that  such  fractures  frequently  take 
place,  resulting  in  partial  or  complete  loss  of  the  posterior  wall  of  the 
fissure,  while  almost  always  the  anterior  wall  remains  intact  (Jigs. 
3,  4,  5,  6  and  7).  In  fact,  in  every  definite  cavity  examined  it  appeared 
probable  that  initial  destruction  had  developed  from  a  fracture.  The 
opinion  was  expressed  alx)ve,  in  the  criticism  of  other  studies  of  caries 
in  rat  teeth,  that  many  lesions  reported  as  “caries”  probably  resulted 
from  this  condition. 

Since  cavities  occurred  much  more  frequently  in  teeth  of  rats  on 
the  synthetic  diet,  it  was  important  to  determine  whether  this  fact 
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could  be  accounted  for  in  the  manner  just  suggested.  A  likely  factor 
was  discovered  in  the  physical  composition  of  the  diet.  The  synthetic 
diet  was  given  in  granular  form,  making  it  impossible  to  nibble  with  the 
incisors.  As  a  result,  molars  were  called  upon  to  crush  particles  much 


Fig.  1  Fig.  2 

Fig.  1.  Lower  molars  of  young  albino  rat.  Cusps  of  first  apd  second  molars,  overhang¬ 
ing  fissures  to  marked  degree,  indicated  at  a  and  h.  (Drawn  by  X.  C.  Jacobs) 

P'lG.  2.  Upper  molars  of  same  rat  {fig.  I).  Xo  markedly  overhanging  cusps.  (Drawn 
by  X.  C.  Jacobs) 


Fig.  .L  (iround  section  showing  cavities,  a,  h,  in  mandibular  first  and  seconil  molars. 
Posterior  walls  of  fissures  completely  destroyed  in  both  instances,  a  Flnamel  present  on 
anterior  wall  of  fissure,  b,  Fnamel  complete  on  anterior  wall  and  intact  in  fissure 
base.  X9 


larger,  and  possibly  harder,  than  would  have  been  the  case  had  normal 
methods  of  eating  been  possible.  One  component  of  the  experimental 
diet  was  ground  yellow-corn,  of  which  the  coarse  particles  are  extremely 


Fig.  5.  Ground  section  of  mandibular  second  molar,  showing  small  fracture,  a,  of 
portion  of  posterior  wall  of  cusp.  X40 

molars.  That  such  a  train  of  events  actually  takes  place  is  supported 
by  findings  of  other  investigators.  Hojiper,  Webber,  and  C'anniff  (6) 
produced  cavities  in  rat  teeth  with  adequate  diets  containing  corn  and 
rice;  but  with  wheat,  which  is  not  so  hard,  they  were  less  successful. 


Fig.  4.  Decalcified  section  of  mandibular  first  molar,  showing  manner  in  which  pos¬ 
terior  walls,  a,  b,  of  cusps  overhang  fissures.  X40 
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hard  and  require  unusually  great  pressure  for  mast: 
or  later,  this  abnormal  force  results  in  fractures  at  the 
of  dentition;  that  is,  in  posterior  fissure  walls  of  lower 
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'I'hey  also  found  that  cavities  occurred  much  less  frequently  when  the 
corn  was  finely  ground.  Bunting  (5)  produced  cavities  in  almost  80 
percent  of  rats  on  a  diet  containing  ground  corn,  but  in  less  than  4 


Fig.  6.  Ground  section  of  mandibular  first  molar  from  same  rat  VLsJig.  5,  showing  larger 
fracture,  a,  than  in  previous  figure.  Dentin  undergoing  destruction  at  d.  Fissure  base 
unaffected.  X40 


Fig.  7.  Enlargement  of  fissure,  b,  fig.  3,  showing  loss  of  posterior  enamel  wall  and 
dentinal  destruction,  </,  extending  under  unaffected  enamel  in  fissure  base.  X40 

percent  when  the  diet  was  corn  free.  Diets  used  by  other  investi¬ 
gators  (1,  3,  8,  10,  12,  13)  who  produced  cavities  in  rat  teeth  also  con¬ 
tained  ground  corn  or  rice.  4'hese  considerations  lend  supjxirt  to  the 
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belief  that  coarse,  hard  particles  in  food  lead  to  fractures  in  rat  teeth, 
with  subsequent  development  of  cavities  of  types  described  by  other 
investigators  as  caries. 

Summary  and  conclusions.  Cavities  developed  in  teeth  of  41  of  50 
rats  on  a  synthetic  diet  consisting  of  ground  yellow-corn,  wheat  gluten, 
calcium  carbonate  and  sodium  chloride.  Animals  on  an  adequate 
supply  of  cod-liver  oil  were  quite  as  susceptible  as  those  on  a  deficient 
ration.  Evidence  in  practically  all  lesions  indicated  that  the  cavities 
originated  as  fractures  of  a  portion  of  a  cusp  or  fissure  wall.  About 
96  percent  of  cavities  were  found  in  mandibular  first  and  second 
molars.  The  explanation  is  offered  that  the  peculiar  normal  mor¬ 
phology  of  these  teeth  permits  them  to  be  easily  fractured  by  forces 
from  the  occlusal  surface.  Development  of  such  fractures  is  promoted 
by  presence  in  the  diet  of  coarse  hard  particles.  It  is  suggested  that 
heretofore  fracture-lesions  have  been  confused  with  caries,  although 
the  conditions  resemble  each  other  only  in  late  stages. 
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ADDENDUM 

[Since  this  paper  was  delivered  to  us  for  publication,  the  following  Ad¬ 
dendum  was  received  from  the  authors,  who  publish  the  paper  without 
revision — Ed.]  Papers  published  since  the  foregoing  paper  was  submitted 
for  publication  strengthen  the  arguments  therein  presented.  Templin  and 
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Steenbock  (1933)  observed  that  in  93  rats  on  a  high-corn  diet,  almost  95 
percent  of  cavities  were  in  lower  first  and  second  molars.  Shelling  and 
Asher  (1933),  who  studied  1150  rats,  found  that  “incidence  of  caries  was 
high  in  rats  on  diets  composed  of  coarsely  ground  corn,  and  absent  in  diets 
composed  of  casein  and  starch,  or  of  grains  the  particles  of  which  are  finer 
and  softer  than  corn.”  Rosebury,  Karshan,  and  Foley  (1933)  differ¬ 
entiated  between  fracture  caries  and  “fissure  caries.”  The  latter  condition 
occurred  in  rat  molars  when  the  diet  contained  coarse  particles  of  rice,  but 
not  when  it  was  cooked  or  of  fine  consistency.  The  suggestion  that  “fissure 
caries”  was  due  to  impaction  of  coarse  particles  in  fissures  is  scarcely  tenable 
since  the  particles  in  question  were  about  the  size  of  a  whole  molar,  and 
consequently  much  too  large  to  enter  fissures.  It  appears,  therefore,  that 
another  cause  must  be  found  for  these  changes.  In  the  opinion  of  the 
present  writers,  these  are  as  likely  to  be  formative  defects  as  true  dental 
caries.  Additional  references:  Templin,  V.  M.,  and  Steenbock,  H.  1933 
J.  Biochem.,  100,  217.  Shelling,  D.  H.,  and  Asher,  E.  A.  1933  J.  Dent. 
Res.,  13,  363.  Rosebury,  T.,  Karshan,  M.,  and  P'oley,  G.  1933  Ibid., 
13, 379. 
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Attempts  to  reconcile  results  of  recent  nutritional  studies  with  older 
theories  concerning  the  etiology  of  dental  caries  have  led  to  the  pro¬ 
nouncement  of  numerous  hypotheses,  and  to  much  confusion  in  the 
minds  of  students  of  this  problem  (1).  In  the  light  of  available  experi¬ 
mental  and  clinical  evidence,  it  should  be  possible  to  evaluate  some  of 
these  suggested  mechanisms  and  determine  their  validity.  Abundant 
evidence  has  shown  that  in  children  dental  caries  can  be  prevented  or 
arrested  through  dietary  means  (2-8).  This  observation  seems  to  be 
in  conflict  with  the  bacterial  theory  of  the  origin  of  caries,  which  has 
received  general  acceptance  for  over  forty  years.  According  to  this 
theory,  tooth  decay  is  caused  directly  by  certain  acid-producing  organ¬ 
isms  that  inhabit  the  mouth,  or  by  their  growth  products.  Numerous 
bacteriological  studies  have  shown  a  high  incidence  of  B.  acidophilus 
in  mouths  of  children  having  active  caries.  To  reconcile  the  protec¬ 
tive  action  of  suitable  diets  with  the  bacterial  concept,  proponents  of 
the  latter  theory  have  suggested  a  variety  of  mechanisms  whereby 
type  of  diet  might  determine  growth  of  B.  acidophilus,  and  thus  alter 
susceptibility  of  the  tooth  to  caries.  Effects  of  diet  have  been  attri¬ 
buted  by  some  to  the  detergent  nature  of  the  foods  chosen  (9);  by 
others,  to  the  fermentable  residue,  especially  of  sugar  or  of  starch, 
serving  as  culture  media  in  the  mouth  for  B.  acidophilus  (5-10);  by 
others  to  changes  in  body  fluids,  secondary  to  the  type  of  diet  em¬ 
ployed,  which  render  the  saliva  bacteriostatic  against  aciduric  organ¬ 
isms— or  in  other  ways  make  it  protective  to  the  tooth  (11-14). 

In  the  discussion  of  bacteria  as  the  direct  cause  of  caries,  their  effect 
usually  is  attributed  to  formation  of  acid  through  fermentation.  In 
accordance  with  this  premise,  attention  should  not  be  limited  to  B. 
acidophilus  nor  to  any  other  single  type  of  organism.  The  acid- 
producing  capacity  of  the  oral  flora  as  a  whole,  and  the  ability  of 
the  organisms  to  grow  and  produce  acid  in  media  of  significant  degree 
of  acidity,  would  be  the  factors  of  greatest  import.  If  such  acid- 
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producing  bacteria  are  the  agents  primarily  responsible  for  tooth  decay, 
it  should  be  possible  to  demonstrate  not  only  their  consistent  presence 
in  association  with  active  caries,  but  also  their  persistent  absence  in 
significant  numbers  in  mouths  known  to  be  continuously  free  from 
active  decay.  It  also  should  be  demonstrable,  when  corrective  diets 
are  adopted  and  the  teeth  thereby  rendered  free  from  active  caries,  that 
in  the  oral  flora  significant  changes,  characterized  by  loss  or  great 
diminution  of  acid-producing  capacity,  result  preliminary  to  the  arrest 
of  caries.  Similarly,  individuals  using  protective  diets  continuously 
over  long  periods  should  show  no  noteworthy  incidence  of  B.  acid¬ 
ophilus  nor  of  other  organisms  having  equivalent  acid-producing 
potentiality. 

As  part  of  a  systematic  study  of  dental  caries,  bacteriological  data 
concerning  forty-five  children  have  been  obtained.  Most  of  these 
children  have  been  under  strict  and  continuous  dietary  regulation  for 
long  periods,  and  present  a  correspondingly  high  incidence  of  arrested 
caries.  Records  of  dental  observations,  made  at  frequent  intervals, 
are  available  in  most  instances  and  establish  the  constancy  of  the 
status  of  the  teeth.  The  nature  of  the  data  makes  the  findings  sig¬ 
nificant  in  evaluating  any  existing  relationship  between  the  type  of 
oral  flora  and  its  acid-producing  capacity,  and  the  degree  of  resistance 
of  the  teeth  to  caries.  Specific  evidence  is  presented  concerning  the 
three  postulates  stated  in  the  preceding  paragraph. 

METHODS 

Mouth  cultures  were  made  from  samples  of  saliva  collected  in  the  morn¬ 
ing  soon  after  the  subject  arose,  and  before  teeth  or  mouth  had  been  cleaned. 
The  procedure  described  by  Rodriguez  was  employed  (15).  Paraffin  was 
chewed  to  stimulate  flow  of  saliva.  The  first  secretion  having  been  dis¬ 
carded,  the  subject  was  directed  to  chew  vigorously,  bringing  the  paraffin 
into  contact  so  far  as  possible  with  all  tooth  surfaces.  About  5  cc.  were  then 
expectorated  into  a  sterile  Petri  dish,  promptly  mixed  thoroughly,  and  0.1 
cc.  transferred  to  a  tube  containing  9.9  cc.  of  1  percent  glucose  broth  having 
a  pH  of  5.7.  After  thorough  mixing,  suitable  amounts  were  transferred  to 
two  other  tubes  of  similar  broth.  Dilutions  of  1 : 100,  1 : 1000,  and  1 : 5000 
were  thus  obtained.  Glucose-agar  plates  (pH  =  5.0)  were  prepared  from 
jxjrtions  of  the  two  higher  dilutions,  to  be  used  as  a  measure  of  the  number 
of  organisms  capable  of  growth  and  acid  production  in  acid  media — a  modi¬ 
fication  of  a  procedure  used  in  milk  analysis.  A  smear  from  the  original 
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sample  of  saliva  was  stained  by  the  Gram  method,  and  examined  for  Gram- 
positive  rods;  the  results  were  correlated  with  the  morphological  characteris¬ 
tics  of  the  cultures.  After  24  hours  of  incubation,  acidity  of  the  broth 
cultures  was  determined  by  two  different  methods.  (1)  Small  amounts 
from  each  dilution  were  transferred  to  a  porcelain  spot-plate;  and,  after 
addition  of  brom-cresol  green,  pH  was  estimated  by  comparing  the  color 
with  Clark’s  standards  (16).  (2)  The  remainder  was  then  centrifuged,  and 
4.5  cc.  decanted  from  each  into  a  clean  tube.  After  adding  some  of  the 
above-named  indicator  to  each,  and  to  a  similar  portion  of  sterile  medium 
incubated  with  cultures  to  be  used  as  a  control,  the  amount  of  A^/100  NaOH 
needed  to  restore  the  pH  to  the  original  value  was  determined  by  titration. 
To  guard  against  errors  due  to  dilution,  the  more  acid  samples  were  titrated 
last;  and  sufficient  distilled  water  was  added  to  the  control  tube  to  make 
the  volumes  of  the  standard  and  unknown  approximately  the  same  at  the 
end  of  titration. 

The  initial  cultures  were  made  into  acid  media  so  that  growth  of  non- 
aciduric  organisms  would  be  inhibited.  In  making  subcultures  to  be  used 
in  the  identification  of  organisms,  media  having  a  pH  of  7.0  were  employed, 
with  alternate  transfers  to  liquid  and  solid  media  as  often  as  was  necessary 
for  isolation  and  identification.  The  usual  biological  and  cultural  tests  were 
used  for  final  identifications.  Where  numerous  successive  analyses  of  saliva 
of  the  same  child  were  made,  the  results  were  sufficiently  constant  to  indi¬ 
cate  the  validity  of  single  estimations  for  each  subject.  A  dental  examina¬ 
tion  was  made  at  approximately  the  time  of  saliva  collection.  It  included 
careful  estimation  of  extent  and  degree  of  activity  of  the  caries,  as  well  as 
nature  of  the  oral  hygiene.  The  designation  of  arrested  caries  was  reserved 
for  teeth  presenting  exposed  dentin  that  was  so  dense  as  to  be  impenetrable 
by  a  fine  exploring  tine  (S.S.W.  ^  23)  applied  with  considerable  manual 
pressure. 

RESULTS 

Table  1  presents  average  group  values  for  various  determinations. 
The  first  division  contains  averages  for  the  group  as  a  whole,  together 
with  the  range  of  observed  values,  standard  deviations,  and  probable 
error  of  each  (±).  These  data  are  analyzed  in  divisions  having 
various  characteristics  in  common  or  in  contrast,  as  indicated  in  the 
first  column. 

The  second  to  sixth  columns,  inclusive,  contain  average  measure¬ 
ments  of  degree  of  acidity  attained  in  the  culture  media  after  24-hour 
incubation.  Analysis  of  these  values  shows  that  marked  acidity  was 
demonstrated  in  each  instance  in  dilutions  of  1 : 100,  pH  approaching 
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the  maximum  value  measurable  by  the  indicator  employed.  In  the 
higher  dilutions  there  was  less  constancy  in  degree  of  acid  production, 
yet  significant  reduction  of  pH  occurred  in  practically  every  tube. 
This  is  the  more  noteworthy  because  the  initial  pH  was  decidedly  in 
the  acid  zone  to  inhibit  growth  of  non-aciduric  organisms. 


TABLE  1 

Correlation  of  average  bacteriological  observations  u'ith  condition  of  teeth 
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1 1 .  Active  caries . 

12.  Under  dietary  manage¬ 

ment  . 

13.  Not  under  dietary  man¬ 

agement  . 


In  the  second  division,  average  values  are  given  for  cultures  (48- 
hour  incubation)  from  mouths  showing  excessive  numbers  of  aciduric 
organisms,  as  determined  by  counting  the  visible  colonies  on  the  agar 
plates  having  an  initial  pH  of  5.0  and  a  salivary  dilution  of  1:5000. 
Included  in  table  1  are  those  showing  plate  counts  in  excess,  of  300 


DENTAL  caries:  DIETARY  CONTROL 


447 


colonies.  As  would  be  expected,  the  degree  of  acid  production  paral¬ 
leled  the  number  of  aciduric  organisms  as  so  estimated.  Divisions 
3-6,  inclusive,  give  the  average  values  of  the  groups  according  to  type 
of  organism  in  the  cultures.  B.  acidophilus  was  isolated  in  pure  cul¬ 
ture  from  the  mouths  of  thirteen  subjects.  Cultures  from  twenty 
other  mouths  had  various  characteristics  resembling  those  of  that 
organism,  but  complete  identification  was  not  accomplished.  Proba¬ 
bly  some  of  these  were  representatives  of  the  atypical  forms  of  B. 
acidophilus  described  by  Hadley,  Bunting,  and  Delves  (17).  In  this 
report  they  are  called  “indeterminate  forms”.  Their  average  acid- 
producing  power  was  only  slightly  less  than  that  of  proved  cultures  of 
B.  acidophilus.  One  may  justifiably  conclude  that  incidence  of  B.- 
acidophilus  infection  in  the  series  was  higher  than  the  data  indicate, 
yet  it  seems  probable  that  B.  acidophilus  alone  cannot  be  credited  with 
the  degree  of  acid  production  noted  in  each  case.  Nine  organisms  not 
included  in  the  B. -acidophilus  group  showed  individual  acid-produc¬ 
tion  values  greater  than  average  for  that  group — seven  of  these  were 
classed  as  indeterminate  and  two  as  cocci.  Of  the  nineteen  organisms 
(division  7)  from  the  series  as  a  whole  showing  acid  production  above 
the  average  for  the  whole  group,  five  were  isolated  as  cocci,  six  as 
indeterminate  forms,  and  eight  as  B.  acidophilus.  If  amount  of  acid 
produced  is  the  important  factor,  it  would  appear  that  degree  of  acid- 
producing  ability — also  number  of  organisms  able  to  survive  and  to 
grow  in  acid  media — would  offer  better  criteria  of  the  extent  of  inva¬ 
sion  by  organisms  purported  to  be  the  agents  of  dental  caries  than 
any  values  based  merely  on  the  morphology  of  these  organisms.  It 
is  felt  that  the  data  herein  presented  offer  a  quantitative  appraisal  of 
the  conditions  under  discussion. 

From  the  foregoing  it  is  apparent  that  these  children  presented  oral 
flora  having  definite  acid-producing  power.  Much  significance  is 
attached  to  the  correlation  of  these  observations  with  presence  or 
absence  of  active  caries.  Six  children  in  the  series  {table  1,  division  8) 
had  no  dental  caries  whatever;  of  these,  three  are  included  in  the  group 
with  excessively  high  plate-counts  and  with  excessive  acid-production. 
One  culture  contained  B.  acidophilus;  from  one  other,  only  cocci  were 
isolated.  These  six  children  ranged  in  age  from  4  to  15  years — 
average,  10.  Twenty-six  other  children  (division  9)  showed  evidence 
of  complete  arrest  of  caries.  Repeated  examinations  indicated  that 
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this  status  existed  in  most  of  them  for  periods  of  months  or  years. 
The  average  acid-production  in  this  group  was  practically  identical 
with  that  of  the  group  as  a  whole.  Five  showed  presence  of  B.  acid¬ 
ophilus;  eleven,  indeterminate  forms;  ten,  cocci  only.  Ten  showed 
acid-production  greater  than  the  average;  six  had  excessively  high 
plate-counts.  These  data  fail  to  suggest  that  B.  acidophilus,  or  any 
other  organism  of  equivalent  acid-producing  powder,  is  the  primary 
agent  in  the  production  of  dental  caries. 

Thirty-four  subjects  w^ere  children  having  diabetes  mellitus  {table  1, 
12-13).  Diabetes  need  not  be  considered  in  connection  with  this 
study,  since  the  dental  response  in  the  diabetic  child  is  like  that  in  the 
non-diabetic  under  a  similar  dietary  regime.  The  significant  fact  was 
that,  at  the  time  of  these  observations,  the  children  of  this  group  were 
receiving  strictly  prescribed,  weighed  diets,  carefully  designed  to 
supply  adequate  amounts  of  all  recognized  dietary  essentials.  Most 
of  the  group  had  been  under  such  dietary  supervision  for  months  or 
years,  and  its  members  show’ed  high  incidence  of  arrest  of  caries;  five 
had  no  dental  cavities;  twenty-two  had  arrested  caries.  Of  the 
remainder,  three  had  not  been  under  dietary  regulation  for  any  con¬ 
siderable  period  preceding  these  observations,  and  at  later  examina¬ 
tions  w'ere  found  to  have  arrested  caries.  The  other  four,  showing 
cavities,  had  ostensibly  been  under  dietary  management  for  long 
periods  prior  to  these  studies;  but  it  was  knowm  that,  w'hile  under 
home  management,  their  parents  had  failed  to  enforce  the  prescribed 
diets. 

According  to  the  bacteriological  concept  of  the  cause  of  dental  caries, 
the  children  receiving  diets  capable  of  arresting  dental  caries  should 
have  shown  a  disproportionately  low  oral  incidence  of  acid-producing 
flora.  Such  was  not  observed  (table  1,  10-11).  B.  acidophilus  was 
demonstrated  in  the  mouths  of  seven,  five  of  whom  were  free  from 
active  caries.  Plate  counts  from  four  of  the  seven  mouths  showed 
excessive  numbers  of  aciduric  organisms- two  were  from  mouths 
having  active  caries;  one,  from  the  mouth  of  a  child  whose  caries  had 
been  arrested  for  years;  one,  from  a  mouth  showing  no  cavities.  The 
average  degree  of  acid-production  was  slightly  higher  in  the  group 
under  dietary  regulation  than  in  the  group  as  a  whole,  or  in  the  group 
receiving  a  non-controlled  diet;  it  was  quite  comparable  to  that  ob¬ 
served  in  the  group  showing  active  caries.  Of  the  whole  group  of 
cultures  having  excessive  numbers  of  aciduric  organisms,  all  but  one 
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were  obtained  from  mouths  of  children  receiving  carefully  regulated 
diets.  Summarizing  the  observations  pertaining  to  the  children  re¬ 
ceiving  diets  capable  of  arresting  caries:  there  is  nothing  to  indicate 
that  prolonged  use  of  such  diets  led  to  any  characteristic  change  in  the 
oral  flora,  to  disappearance  of  B.  acidophilus,  or  to  lessened  acid-pro¬ 
ducing  power  of  the  flora. 

The  study  of  one  subject  merits  detailed  consideration.  B.  K.,  a 
girl  of  11,  entered  the  hospital  with  diagnosis  of  residual  paralysis  of 
one  arm  secondary  to  anterior  poliomyelitis,  mental  retardation,  and 
extensive  dental  caries.  Twenty-two  large  cavities  were  present  in 
her  permanent  teeth — five  were  considered  irreparable  and  scheduled 
for  extraction.  The  caries  was  actively  progressive  in  type,  and 
mouth  hygiene  very  poor.  To  determine  the  possible  dependence  of 
arrest  of  caries  upon  the  degree  of  dental  hygiene,  her  teeth  were  per¬ 
mitted,  for  the  period  of  observation,  to  remain  in  the  condition  to 
which  they  were  accustomed,  as  evidenced  by  the  initial  examination. 
Throughout  nineteen  successive  weeks  in  the  hospital  ward,  she  re¬ 
ceived  a  diet  of  the  type  employed  and  recommended  in  this  clinic  for 
the  normal  child.  Its  administration  was  rigidly  supervised  and 
forced-feeding  employed  when  necessary.  She  was  left  to  her  own 
initiative  in  regard  to  oral  hygiene,  with  the  result  that  her  teeth 
were  not  brushed  throughout  that  interval.  Otherwise  her  treatment 
and  environment  were  those  of  the  usual  ward  routine  for  children 
without  specific  therapeutic  needs.  Observations  at  frequent  inter¬ 
vals,  and  careful  records,  were  made  of  the  condition  of  the  oral 
cavity  and  the  teeth.  At  various  times  a  tooth  marked  for  extraction 
was  removed,  stained,  sectioned,  and  examined  according  to  the 
technic  described  by  Beust  (18).  Clinical  examinations  indicated  that 
during  the  period  of  observation  the  degree  of  carious  activity  became 
progressively  less,  and  after  twelve  weeks  was  considered  entirely 
arrested.  Histological  examination  of  the  extracted  teeth  confirmed 
these  observations;  a  photomicrograph  of  a  tooth  removed  at  the 
twelfth  week  showed  extensive  deposition  of  sclerosed  dentin  through¬ 
out  the  area  adjacent  to  the  cavity.  After  complete  arrest  had  been 
demonstrated,  cultures  of  the  oral  flora  were  obtained.  By  means  of  a 
platinum  loop,  sordes  was  removed  from  the  surfaces  of  all  teeth,  and 
transferred  to  meat-infusion  broth  containing  1  percent  dextrose,  and 
having  a  pH  of  5.0.  The  debris  on  the  teeth  was  so  abundant  that  a 
complete  cast  of  the  buccal  surface  of  one  first  molar  was  removed  in- 
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tact,  with  an  estimated  thickness  of  over  1  mm.  Subsequent  cultures 
also  were  obtained.  From  these  cultures,  all  strains  of  B.  acidophilus 
described  by  Hadley,  Bunting,  and  Delves  (17)  were  isolated  in  pure 
culture.  In  this  case  arrest  of  caries  occurred  in  a  mouth  indescriba¬ 
bly  dirty;  and,  following  the  establishment  of  complete  arrest,  the  oral 
flora  contained  innumerable  organisms  of  a  high  acid-producing  and 
acid-resisting  power. 

DISCUSSION 

Several  excellent  bacteriological  surveys  have  established  the  high 
incidence  of  B. -acidophilus  infection  in  the  mouths  of  individuals  with 
active  caries  (11,  20-22).  However,  the  etiological  significance  of  such 
organisms  has  not  been  proved.  Recently  more  attention  has  been 
focused  upon  the  incidence  of  such  organisms  in  mouths  free  from 
active  caries.  The  observations  presented  here,  concerning  the  prev¬ 
alence  of  B.  acidophilus  in  mouths  exhibiting  no  active  decay,  sub¬ 
stantiate  those  reported  by  others  (23,  24).  Although  the  question 
of  latent  caries  in  such  individuals  has  been  raised  by  some  of  these 
workers,  the  prolonged  freedom  from  caries  of  some  of  the  subjects 
reported  in  this  study,  both  before  and  after  these  observations,  mini¬ 
mizes  the  likelihood  that  these  organisms  per  se  have  inherent  caries- 
producing  power.  Thompson’s  suggestion  that  the  existence  of  dental 
cavities  favors  the  presence  of  B.  acidophilus  has  much  to  support  it 
(23).  Our  study  failed  to  indicate  a  correlation  between  freedom  from 
active  caries  and  freedom  from  potent  aciduric  organisms  in  the  mouth; 
the  same  lack  of  correlation  was  apparent  in  comparing  freedom  from 
decay  with  degree  of  excellence  of  oral  hygiene.  A  review  of  this  and 
other  published  reports  leads  to  the  impression  that  a  mouth  kept  in 
an  unhygienic  condition  is  much  more  prone  than  a  clean  mouth  to 
show  a  high  incidence  of  B.  acidophilus,  and  of  organisms  of  similar 
acid-producing  power.  Nevertheless,  children  receiving  adequate 
diets  may  show  profuse  growths  of  such  organisms  and  yet  remain 
continuously  free  from  active  caries.  Arrest  of  caries  following  inges¬ 
tion  of  a  suitable  dietary  cannot  be  credited  to  lessening  of  aciduric 
organisms,  since  it  has  not  been  possible  to  demonstrate  any  charac¬ 
teristic  difference  in  the  types  of  organism  present,  or  in  the  acid-pro¬ 
ducing  power  of  the  flora,  in  the  mouths  of  children  continuously  re¬ 
ceiving  suitable  diets  as  compared  with  those  on  non-supervised  diets. 
Several  investigators  have  reported  that  there  is  no  characteristic 
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difference  between  the  chemical  composition  of  serum  and  saliva  of 
human  subjects  with  and  without  active  caries  (25,  26);  this  agrees 
with  observations  in  this  clinic  to  be  reported  elsewhere  (27). 

The  foregoing  offers  nothing  to  substantiate  the  view  that  dental 
caries  is  dependent  primarily  upon  conditions  within  the  mouth.  It 
is  significant  that  the  most  effective  measures  available  in  the  combat 
against  tooth  decay  are  those  of  dietary  regulation  (4),  and  that  efforts 
directed  toward  improvement  of  dental  hygiene  have  been  of  little 
avail  in  checking  the  enormously  high  incidence  of  dental  caries. 
Available  evidence  favors  the  view  that  in  the  child  the  integrity 
of  the  tooth  is  determined  by  the  efficiency  of  the  metabolism  of  the 
individual  as  a  whole,  and  that  this  in  turn  is  influenced  in  largest 
measure  by  adequacy  of  diet.  The  authors  will  report  elsewhere  (27) 
a  series  of  metabolic  studies  in  relationship  to  condition  of  the  teeth. 
By  balance  experiments  it  was  found  that  the  degree  of  retention  of 
calcium  and  phosphorus,  following  ingestion  of  an  adequate  diet,  was 
highest  in  children  with  no  caries;  next  highest  in  those  with  arrested 
caries;  lowest  in  children  with  active  caries.  Although  retentions  of 
calcium  and  phosphorus  were  stressed,  it  was  believed  that  considera¬ 
tion  should  not  be  limited  to  these  minerals  alone,  since  metabolic 
efficiency  of  the  body  involves  adequacy  of  many  factors.  These 
observations  are  offered  in  substantiation  of  an  endogenous  theory 
of  origin  of  dental  caries.  On  the  basis  of  the  data  presented  and 
reviewed,  it  seems  apparent  that  any  effect  attributable  to  bacteria  in 
the  destruction  of  tooth  substance  must  be  considered  secondary  in 
nature,  acting  upon  a  tooth  whose  defense  against  decay  has  been 
depressed  through  sub-optimal  conditions  operating  from  within  the 
organism. 

(summary  and  conclusions^ 

The  nature  of  the  oral  flora,  and  their  ability  to  produce  acid,  have 
been  studied  quantitatively  in  forty-five  children.  Thirty-four  of 
the  subjects  were  under  strict  dietary  control,  having  received  weighed 
prescribed  diets  of  a  type  shown  to  arrest  or  prevent  dental  caries. 
Thirty-two  of  the  whole  group  presented  no  evidence  of  active  caries; 
six  of  these  had  no  cavities,  the  remainder  had  arrested  caries.  Re¬ 
peated  dental  examinations  over  months  or  years  established  the  con¬ 
stancy  of  their  dental  status.  Data  are  presented  to  indicate  that: 

Bacillus  acidophilus  and  other  organisms  of  equivalently  high  acid- 
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producing  power  may  exist  in  large  numbers  in  mouths  persistently 
free  from  active  caries. 

Children  receiving  diets  of  such  a  nature  that  caries  becomes  in¬ 
activated,  and  remains  so,  show  no  characteristic  change  in  the  mor¬ 
phological  nature  of  the  oral  flora  or  in  the^acid-producing  capacity  of 
the  organisms. 

The  incidence  of  B,  acidophilus,  and  of  other  organisms  having  simi¬ 
lar  acid-producing  ability,  appeared  to  be  as  great,  in  frequency  and 
numbers,  in  the  mouths  of  children  receiving  continuously  such  pro¬ 
tective  diets  as  in  the  mouths  of  those  whose  diet  was  not  supervised. 

No  available  facts  demonstrate  that  bacteria  can  of  themselves 
induce  caries  in  teeth  of  individuals  whose  diet  is  adequate. 
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BEHAVIOR  OF  MOLTEN  METAL  DURING  CASTING 


Further  Comment  on  Statements  by  Wilmer  Souder^ 

RAYMOND  E.  MYERS,  D.D.S.,  B.S. 

School  of  Dentistry,  University  of  Louisville,  Louisville,  Ky. 

Recently,  I  described  an  experiment  in  which  a  fused-quartz  plate 
was  substituted  for  one  wall  of  an  investment  mold  to  provide  a 
window  through  which  entrance  and  distribution  of  molten  metal  in 
the  pattern  chamber  was  observed.’^  In  an  Addendum,  I  referred  to 
the  fact  that  experiments  involving  use  of  fused-quartz  windows  (to 
observe  spread  of  molten  metal  in  pattern  chambers)  had  been 
described  by  Dr.  Souder®  in  a  w^ay  to  imply  originality  for  this  novel 
use  of  the  material,  “inasmuch  as  he  gave  no  credit  to  anyone  for  hav¬ 
ing  employed  quartz  windows  to  study  the  behavior  of  molten  metal 
during  casting.”  Dr.  Souder,  in  his  reply,^  cited  instances,  dating  back 
to  1910,  where  fused  quartz  was  used  experimentally  in  connection 
with  casting.  However,  since  none  of  the  mentioned  workers  used 
fused  quartz  to  study  speed  or  manner  in  which  molten  metal  spreads 
throughout  a  mold  cavity,  I  offer  the  following  further  comment. 

(1)  Dr.  Souder  stated  that  “no  mention  of  the  use  of  fused  quartz 
was  made  in  the  summary”  of  his  article;®  that  he  “attempted  to  point 
out  the  five  items”  he  regarded  “as  new  or  worthy  of  special  atten¬ 
tion;”  and  that  he  made  no  statement  “which  can  justify  an  inference” 
that  he  regarded  this  phase  of  the  experiment  “as  new  or  original.” 
The  “summary”  of  Dr.  Souder’s  paper  did  not  mention  fused  quartz 
(nor  state  that  the  contents  were  new  or  worthy  of  special  attention), 
but  the  remaining  pages  described  results  in  which  fused-quartz 
windows  were  employed  to  observe  and  photograph  entrance  and 
distribution  of  molten  metal  during  casting.  (2)  In  a  reference  to 
“Price’s  classic  experiment  in  which,  more  than  twenty  years  ago, 
fused  cjuartz  was  used  in  contact  with  molten  gold,”  Dr.  Souder  said 

‘Souder:  Journal  of  Dental  Research,  1933,  xiii,  p.  337;  October. 

‘Myers:  Ibid.,  1933,  xiii,  p.  278;  August. 

‘Souder:  Journal  of  the  American  Dental  Association,  1933,  xx,  p.  1010;  June. 
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that  Price’s  “experiments,  while  not  primarily  visual,  furnished  the 
idea  and  assurance  of  its  success.”  By  saying  that  Price’s  experiments 
were  “not  primarily  visual,”  Dr.  Souder  means  that  Price  did  not 
observe  behavior  of  molten  metal  during  casting,  but  instead  used 
fused  quartz  (because  of  low  coefficient  of  expansion  with  temperature) 
as  “chambers”  to  determine  dimensional  changes  of  gold  and  other 
alloys  with  temperature.  (3)  Alluding  to  use,  in  1924,  of  fused-quartz 
tubes  “to  produce  rods  of  gold-alloy  by  attaching  one  end  of  the  tube 
to  a  vacuum  line  and  immersing  the  other  end  in  the  molten  alloy,” 
Dr.  Souder  says  he  and  Coleman  “watched  the  gold  advance  up  the 
tube.”  But  this  experiment  did  not  involve  any  determination  of 
speed  or  manner  in  which  molten  metal,  during  casting,  enters  and 
spreads  throughout  a  mold  cavity.  (4)  Dr.  Souder  said  that  the 
movie  camera,  which  has  long  been  used  to  study  rapidly  changing 
phenomena,  “is  not  questioned”  by  me.  He  “used  the  movie  camera 
about  1927  to  photograph  the  behavior  of  metal  passing  through  a 
sprue  made  of  dental  investment.”  In  this  comment,  however, 
there  is  no  mention  of  fused  quartz.  (5)  In  referring  to  priority.  Dr. 
Souder  wrote:  “All  the  above  dates  are  prior  to  July,  1930,  the  date 
on  which  Dr.  Myers  appears  to  base  the  claim  for  priority.”  The 
inferred  priority  related  only  to  Dr.  Souder.  I  stated  “I  am  not 
certain  that  the  principle  had  not  been  used  before  I  employed  it  in 
July,  1930.”  I  have  tried  to  point  out  here  that  none  of  the  “prior” 
dates  mentioned  by  Dr.  Souder  refer  to  material  pertinent  to  the 
subject  of  this  discussion.  Even  if  they  did,  Dr.  Souder  has  acknowl¬ 
edged  in  his  reply  the  very  thing  I  suggested  he  failed  to  do  in  his  original 
article;  namely,  to  give  credit  to  others  for  the  idea.  (6)  Dr.  Souder 
states  that  fused-quartz  plates  have  been  used  as  windows  for  high- 
temperature  furnaces,  interferometers  in  furnaces,  and  other  high- 
temperature  equipment,  for  “so  many  years  and  on  so  many  occa¬ 
sions,”  that  the  “thought  of  claiming  credit  for  the  idea”  never 
entered  his  mind.  'J’his  statement  is  irrelevant. 

I  concede  that  Dr.  Souder  did  not  intend  to  “c/afw”  credit.  I 
contend,  however,  that  the  reader  of  Dr.  Souder’s  original  paperi 
gains  the  impression  that  the  manner  in  which  Dr.  Souder  used  fused 
quartz  was  original  with  him.  If  that  is  true,  I  was  justified  in 
suggesting  that,  in  that  paper.  Dr.  Souder  should  have  given  credit  to 
others  for  this  novel  use  of  the  material. 


PROPOSED  SECTION  ON  STOMATOLOGY  OF  THE 
AMERICAN  MEDICAL  ASSOCIATION 


ALFRED  J.  ASGIS,  Sc.B.,  M.A.,  D.D.S.,  F.A.S.S. 

Chairman  of  the  Committee  of  Stomatologists  on  a  Section  on  Stomatology  of  the  American 
Medical  Association,  and  Associate  Editor  of  Clinical  Medicine  and  Surgery,  New  York 

In  a  recent  editorial  on  the  creation  of  a  section  on  stomatology  in 
the  American  Medical  Association,  as  proposed  by  the  present  writer,^ 
Dr.  L.  F.  Barker  commended  the  prospective  section  as  a  place  “where 
dentists  are  to  present  their  subject  before  organized  medicine.”* 
Other  practical  purposes,  and  the  manner  of  conducting  the  proposed 
section,  were  summarized  in  our  petition  as  follows^: 

“Application  for  membership  in  this  section  of  the  American  Medical 
Association  should  be  open  to  duly  graduated  licensed  dentists  holding 
membership  in  the  American  Dental  Association.  The  activities  of  the 
proposed  section  should  be  limited  to  such  papers  and  demonstrations  as 
will  permit  the  growth  and  scientific  value  of  the  medical  and  surgical  as¬ 
pects  of  stomatology.  In  other  words,  the  problems  to  be  discussed  might 
be  outlined  as  follows:  (a)  Clinical  stomatolog>\  (b)  Stomatologic  diag¬ 
nosis.  (c)  Methods  of  cooperation  between  dentist  and  physician,  (d) 
Problems  in  the  fundamental  stomatologic  sciences,  such  as  anatomy, 
pathology,  bacteriology  and  hygiene,  (e)  Medical  and  surgical  therapy, 
(f)  To  arrange  for  the  publication  of  the  transactions  of  the  Section  and  aid 
in  other  ways  to  enrich  stomatologic  literature,  (g)  To  offer  assistance  and 
participate  in  all  such  other  activities  of  a  scientific  and  professional  nature 
as  it  may  be  called  upon  to  do  by  the  officers  of  the  Association.” 

Intra-oral  functional  therapy  (prosthesis),  in  its  specific  health  rela¬ 
tionship,  would  receive  due  consideration.  The  petition  was  signed 
by  fifty -nine  prominent  physicians  (members  of  the  American  Medical 
Association),  and  by  twenty-three  stomatologists  (a  majority  holding 
the  D.D.S.  degree  only),  in  various  parts  of  the  country. 

In  view  of  the  failure  of  some  officers  of  the  original  Section  on 
Stomatology  (discontinued  in  1925)  to  carry  out  the  larger  scientific 

*  Asgis:  Journal  of  the  American  Medical  Association,  101,  p.  39;  July  1, 1933. 

*  Barker:  Clinical  Medicine  and  Surgery,  JO,  j).  593;  Nov.,  1933. 
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objectives  in  the  correlation  of  medicine  and  the  dental  profession,  and 
because  of  alleged  mismanagement  and  unworthy  politics,  we  antici¬ 
pated  reserved  rather  than  hasty  action  by  the  American  Medical 
Association,  which  adopted  the  following  recommendations  of  the 
Council  on  Scientific  Assembly  of  the  Association 

“There  was  formerly  a  Section  on  Stomatology  in  the  American  Medical 
Association.  Largely  because  of  small  attendance,  and  difficulty  in  arranging 
programs,  this  section  was  discontinued  some  3'ears  ago.  After  due  con¬ 
sideration  the  Council  on  Scientific  Assembly  feels  that  it  would,  at  present, 
be  unwise  to  reestablish  this  section  or,  as  requested  by  Dr.  Asgis,  to  es¬ 
tablish  a  subsection  in  one  of  the  already  e.xisting  sections.  The  medical 
aspects  of  stomatolog>’,  as  they  relate  to  the  various  specialties  of  medicine, 
may  be  presented  appropriately  in  the  respective  sections.  The  Council  on 
Scientific  Assembly  therefore  recommends  to  the  House  of  Delegates  that  a 
Section  on  Stomatologx"  be  not  established.”  (Italic  not  in  original.) 

Our  Committee  feels,  however,  that  our  profession  has  become  of 
equal  value  with  many  other  specialties  in  medicine,  and  that  stoma¬ 
tology’^,  which  is  logically'  entrusted  to  the  dental  profession  in  America, 
cannot  advance  in  its  natural  evolution  if  developed  only  through 
general  medicine  and  surgery  or  its  specialties,  as  evidenced  by  the 
fact  that  of  289  papers  and  demonstrations  on  the  Milwaukee  program 
of  the  American  Medical  Association  (June,  1933)  not  a  single  one 
presented  any  phase  of  stomatology.  This  outcome  is  stimulating, 
despite  the  disappointment,  and  has  led  to  greater  effort  to  achieve 
official  recognition  of  dentistry  among  the  medical  specialties.  We 
have  had  this  encouraging  comment  in  a  personal  communication 
from  Dr.  C.  H.  Mayo;  “With  regard  to  the  petition  you  enclosed — I 
am  sure  the  members  of  the  medical  and  dental  professions  know  how 
I  have  worked  to  promote  cooperation  between  medicine  and  dentis¬ 
try.”  The  dental  profession  is  most  cordially  invited  to  support  our 
efforts  by  cooperating  with  the  Committee  of  Stomatologists  on  a  Sec¬ 
tion  on  Stomatology,  which  is  composed  of  the  following  officers: 
Alfred  J.  Asgis,  Chairman;  Kurt  H.  'J'homa,  Vice-chairman;  King  S. 
I^erry,  Secretary.  Executive  Committee:  I>eroy  M.  S.  Miner,  ('hairman; 
A.  T.  Kasmussen,  S.  B.  Fontaine,  Vida  A.  Latham,  and  L.  V.  Hayes. 

310  West  72nd  Street 


*  Lane  ct  al. :  Journal  of  the  American  Medical  Association,  lOl,  p.  42;  July  1,  1933. 


DENTAL  JOURNALISM 

Editor  Ottolengui’s  Defence  of  Trade-house  Control 

WILLIAM  J.  GIES,  F.A.C.D. 

Ediiorial  office.  Journal  of  Dental  Research,  New  York  City 

The  editorial  in  Dental  Items  of  Interest  for  November,  1933,  de¬ 
fending  trade-house  control  of  dental  journalism,  (a)  refers  vaguely  to 
a  “diatribe  against  trade  journals”  in  dentistry,  as  published  “at  one 
time”  in  the  Journal  of  the  Allied  Dental  Societies,  and  (b)  quotes 
Editor  Ottolengui’s  comment  at  a  dinner  (date  not  given)  to  which  he 
“invited  the  editor  and  three  or  four  supporters”  of  the  latter  journal 
to  dine  with  him  “and  talk  over  this  subject  of  journalism.”  The 
only  paper  on  dental  journalism  that  occupied  “forty  or  fifty  pages” 
in  the  Journal  of  the  Allied  Dental  Societies  was  mine,  on  “Independent 
journalism  versus  trade  journalism  in  dentistry:  an  irrepressible 
conflict”  (1916,  xi,  pp.  577-623;  Dec.).  This  criticism  of  trade-house 
control  of  dental  journals  seemed  to  be  a  shoe  that  Editor  Ottolengui 
immediately  put  on,  but  found  very  painful  to  wear — and  which 
evidently  continues  to  pinch,  judging  from  the  epithet  applied  to  it. 
During  a  long  period,  recognizing  the  significance  of  the  criticism,  he 
endeavored  with  the  help  of  mutual  friends  to  persuade  me  to  say,  in 
a  public  statement,  that  he,  then  an  employee  of  the  Consolidated 
Dental  Manufacturing  Co.,  was  not  included  in  the  indictment  of  the 
system  of  trade-house  control  of  dental  journalism,  which  at  that  time  w'as 
dominant  but  now  is  moribund.  The  absurdity  of  his  efforts  to  obtain 
such  a  statement  never  seemed  to  be  evident  to  him.  Finding  that  his 
indirect  personal  method  was  unavailing.  Editor  Ottolengui  invited  me 
to  a  dinner  where  his  many  guests  would  hear  convincing  evidence,  we 
were  assured,  of  serious  mistakes  in  the  published  criticism.  In 
accepting  the  invitation  to  attend  this  conference,  and  there  to  be 
called  to  account,  I  cheerfully  agreed  that,  if  the  promised  eiddeme 
of  error  were  presentetl,  a  public  retraction  and  ajK»logy  would  follow. 

'rhis  dinner,  at  which  Dr.  W.  D.  Tracy  presided  and  where  Drs. 
Ottolengui  and  tiies  sat  face  to  face,  was  helil  at  the  .\.  Y.  .-\thletic 
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Club,  Nov.  23,  1917,  some  months  after  the  dinner  to  which  Dr.  Ottolen- 
gui  refers  in  his  recent  editorial.  No  “evidence”  presented  at  that  din¬ 
ner  called  for  a  retraction  by  me,  privately  or  publicly,  on  any  phase 
of  the  subject.  None  of  the  ‘^evidence”  was  ever  published!  None  of 
the  guests  at  the  dinner  requested  me  thereafter  to  retract  anything 
in  my  published  criticism,  but  numerous  private  letters  indicated 
cordial  approval.  Editor  Ottolengui,  referring  to  associated  events, 
has  used  the  “diatribe”  and  a  discussion  caused  by  it  as  points  of 
departure  for  a  recent  defence  of  a  type  of  dental  journalism  that 
many  tolerate  but  few  respect.  I  have  no  objection  to  discussion  of 
these  events  as  affecting  me,  and  return  the  compliment.  Perhaps  the 
following  open  suggestions  to  Editor  Ottolengui  may  induce  him  to 
publish  a  statement,  in  the  interest  of  truth  and  progress  in  dental 
journalism,  on  the  events  of  the  dinner  (Nov.  23,  1917)  to  which,  in 
his  recent  self-laudatory  editorial,  he  did  not  allude  but  which,  if 
correctly  interpreted,  have  a  more  significant  relation  to  current  con¬ 
ditions  than  those  of  the  dinner  he  mentioned : 

(1)  State  what  “evidence”  Editor  Ottolengui  presented,  at  the 
dinner,  that  corrected  anything  in  the  article  he  now  calls  a  “diatribe;” 
also  why,  despite  the  enterprise  that  he  frequently  admits  is  a  charac¬ 
teristic  of  his  journal,  he  never  published  any  of  the  said  “evidence.” 
(2)  Did  Dr.  M.  L.  Rhein  unexpectedly  mention  anything  significant, 
as  an  illustration,  about  the  “pressure”  to  which  a  certain  editor,  as 
previously  admitted  to  Dr.  Rhein,  had  been  steadily  subjected,  by 
and  in  behalf  of  the  trade-house  owner  of  that  “certain  editor’s” 
journal?  (3)  Did  Dr.  W.  B.  Dunning  unexpectedly  present  any  facts 
showing,  as  an  illustration,  that  a  certain  editor  made  a  change  in  an 
article,  without  the  author’s  approval,  to  give  a  commercial  advantage 
to  the  trade-house  owner  of  that  “certain  editor’s”  journal?  (4) 
What  was  said  by  Dr.  William  Jarvie  against  continuance  of  trade- 
house  control  of  dental  journalism,  and  why?  (5)  State  several  other 
important  matters  of  public  interest  that  the  foregoing  general  re¬ 
minders  should  {help  Editor  Ottolengui  to)  recall. 

An  examination  of  many  letters  and  documents,  as  of  1916  and  1917, 
has  presented  interesting  reminders  in  this  relation.  I  am  glad  Editor 
Ottolengui  has  occasioned  a  timely  review,  and  hope  he  will  be  inclined 
to  “open  the  records.” 


AN  EXPERIMENTAL  STUDY  OF  TISSUE  REACTIONS 
ABOUT  PORCELAIN  ROOTS' 


KAETHE  W.  DEWEY,  M.D.,  and  ROBERT  ZUGSMITH,  D.D.S. 

School  of  Dentistry,  U niversity  of  Pittsburgh,  Pittsburgh,  Pa. 

The  advantages  of  porcelain-tipped  pontics  for  fixed  bridgework  are 
generally  admitted.  An  important  feature  of  this  work  is  the  type  of 
material  used.  It  is  well  known  that  oral  tissues  take  very  kindly  to 
porcelain  when  highly  glazed.  Porcelain  may  be  called  tissue-phil; 
it  is  practically  non-irritating.  There  is,  however,  some  difference  of 
opinion  regarding  the  root-tipped  type  of  porcelain  pontic.  Skilfully 
performed  in  properly  selected  cases,  restoration  with  such  porcelain 
pontics  would  seem  the  ideal  method.  The  porcelain  root  is  allowed 
to  extend  for  a  certain  distance  into  the  socket  left  by  removal  of  the 
root;  this  procedure,  therefore,  restores  the  natural  condition  to  a 
certain  extent.  Concerning  this  type,  Irving  stated;  “The  purpose 
of  the  tip  in  the  socket  is  to  prevent  the  usual  resorption  of  the  tissue 
following  the  removal  of  a  tooth,  and  to  retain  the  normal  esthetic 
appearance  of  the  gum  tissue.  This  type  of  restoration  was  very 
enthusiastically  received  a  few  years  ago  and  often  indiscriminately 
used,  resulting  in  many  failures.  Naturally  its  use  was  condemned 
by  many  in  whose  hands  it  failed.  While  its  field  of  usefulness  is  very 
limited,  there  is,  however,  an  occasional  case  which,  when  carefully 
selected  and  executed,  produces  an  ideal  result.” 

It  is  commonly  believed  that  the  range  of  applicability  of  root- 
tipped  porcelain  pontics  is  rather  restricted.  Irving  makes  the  follow¬ 
ing  stipulations  for  its  use;  “This  porcelain  root-tip  restoration  should 
never  be  used  except  in  supplying  one  single  anterior  tooth.  Its  use 
is  contraindicated  in  cases  where  there  is  gum  recession  or  a  tendency 
to  gingival  involvement.  It  should  not  be  used  if  the  gum  about  the 
tooth  which  is  to  be  extracted  is  split  or  injured.  In  removing  the 

*  Proceedings  of  the  International  Association  for  Dental  Research;  Journal  of  Dental 
Research,  1933,  xiii,  p.  207. 
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condemned  tooth,  care  must  be  exercised  to  prevent  the  slightest 
injury  to  the  gum  when  this  type  of  restoration  is  contemplated.” 
Another  important  condition  stressed  by  most  writers  is  restriction 
in  the  length  of  the  root.  Again  Irving  may  be  quoted:  “The  tip 
should  not  be  permitted  to  extend  into  the  socket  for  a  distance  of 
more  than  one-fourth  the  length  of  the  original  root,  and  so  made  that 
it  does  not  impinge  on  the  tissues  at  any  point.”  For  years,  however, 
Brill  has  made  use  of  long  porcelain-roots  for  fixed  bridgework,  appar¬ 
ently  with  very  good  clinical  results,  as  one  of  us  has  observed. 

Published  reports  about  results  of  root-tipped  porcelain  pontics, 
by  Brill  as  well  as  his  opponents,  are,  with  one  exception,  restricted  to 
discussions  of  technical,  clinical,  and  roentgenological  aspects  of  the 
procedures.  Statements  concerning  histological  processes  in  such 
cases  are  purely  hypothetical;  microscopical  studies  of  tissue  reactions 
in  clinical  cases  have  not  been  made,  nor  has  any  animal  experimenta¬ 
tion  been  carried  out.  The  only  exception  is  the  work  of  Immenkamp 
who,  in  a  recently  published  article,  reports  histological  findings  in  root- 
implantation  in  one  dog  and  in  one  clinical  case.  The  process  that  is 
assumed  to  take  place  in  the  sockets  about  porcelain  roots  is  complete 
epithelization.  Advocates  of  the  short  root-tip  pontic  contend  that 
this  does  not  take  place  about  long  porcelain-roots.  According  to 
them,  roots  sunk  deeply  into  sockets  invite  development  of  artificial 
pockets;  and  associated  inflammatory  alterations  of  surrounding 
tissue  tend  to  weaken  the  parodontal  tissue  of  the  abutments.  Bowles 
refers  to  “injudicious  use  of  this  (root-tipped)  type  of  pontic  of  placing 
it  too  far  in  the  socket,  and,  as  a  result,  encountering  secondary  infec¬ 
tion,  excessive  absorption  and  exposure  of  the  porcelain  tips.”  Brill 
allows  the  root  to  extend  into  the  socket  for  three-fourths  of  its  original 
length,  the  width  of  the  root  being  1-2  mm.  less  than  that  of  the  socket. 
He  prepares  an  artificial  socket  in  cases  where  none  is  present.  He 
claims  that  resorption  of  bony  socket  does  not  take  place,  and  that  new 
formation  of  bone  occurs.  In  later  years  he  has  used  porcelain  roots 
having  apical  globular  enlargements,  because  he  believes  a  thicker 
epithelial  layer  develops  in  the  constricted  area.  However,  neither 
clinical  appearance  nor  roentgen  films  can  furnish  reliable  information 
on  tissue  reactions  that  actually  occur  about  an  implanted  root;  they 
do  not  demonstrate  the  presence  or  absence  of  an  epithelial  covering. 
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Hence,  experimental  histological  evidence  is  required  to  evaluate 
claims  based  on  clinical  and  roentgenological  appearances  alone. 

Immenkamp  is  the  only  investigator  who  has  examined  tissue  reac¬ 
tion  about  implanted  porcelain  roots  with  special  consideration  of  the 
behavior  of  the  epithelium.  His  studies  were  made  on  a  rather  limited 
scale.  Porcelain  root  of  the  Brill  type,  i.e.,  long  root  with  apical 
globular  enlargement,  was  tested  on  one  dog  in  which  four  teeth  were 
extracted  and  the  roots  replaced  by  four  porcelain  roots  of  the  above 
type.  The  dog  was  killed  after  60  days.  The  tissue  reaction  about  a 
short  root-tipped  porcelain-pontic  was  studied  in  one  clinical  case. 
This  patient  had  a  temporary  bridge  with  four  such  pontics,  the  tips 
of  which  extended  only  into  the  gingival  tissue.  After  six  weeks  the 
bottom  of  each  socket  about  an  implanted  root  was  excised  and 
examined  histologically.  In  the  dog,  he  found  proliferated/epithelium 
at  the  entrance  of  one  socket,  which  had  advanced  only  a  relatively 
short  distance  into  the  socket;  also  a  broad  connective-tissue  capsule 
with  some  infiltration;  and  an  abscess  at  the  bottom.  There  was  no 
infiltration  in  another  socket;  epithelium  extended  only  for  a  short 
distance.  In  the  two  other  sockets,  the  short  stretch  of  epithelium 
showed  marked  proliferation  associated  with  much  infiltration.  In 
his  clinical  case,  there  was  almost  complete  epithelization  of  the  gin¬ 
gival  pocket;  marked  proliferation  of  the  epithelium;  in  one  place 
circumscribed  sub-epithelial  infiltration;  also  perivascular  infiltration 
here  and  there  in  the  rest  of  the  connective  tissue.  Immenkamp, 
on  the  basis  of  his  histological  findings,  and  x-ray  data  in  clinical  cases, 
rejects  the  long  porcelain-root  and  endorses  the  advice  of  Reichenbach 
to  make  the  root  as  short  as  possible. 

It  seems  to  us  that  the  histological  findings  of  Immenkamp  hardly 
justify  these  conclusions.  While  the  deep  sockets  in  the  dog  were  only 
partly  covered  with  epithelium,  the  shallow  gingival  sockets  in  the 
patient  were  completely  epitheliated.  Quantitatively  there  was  not 
much  difference,  but  qualitatively  the  tissue  in  the  patient’s  sockets 
was  not  in  a  better  condition :  the  epithelium  showed  marked  prolif¬ 
eration,  associated  with  inflammatory  infiltration.  Another  state¬ 
ment  by  Immenkamp  might  be  questioned:  because  the  epithelial 
lining  in  the  sockets  about  the  four  long  porcelain-roots  of  the  Brill 
type  was  incomplete,  he  doubts  that  complete  epithelization  of  the 
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alveolus  in  man  takes  place.  Positive  proof  of  the  latter  process  can 
be  obtained  only  from  histological  examination  of  human  sockets 
about  implanted  long  porcelain-roots.  Doubts  concerning  such  pos¬ 
sibility  in  man  are  scarcely  warranted  from  an  assumed  analogy  to 
the  histological  findings  about  four  long  porcelain-roots  in  only  one 
dog.  The  time  factor  was  not  tested,  the  four  roots  having  been 
implanted  simultaneously.  Our  experimental  investigations,  in  dogs, 
of  tissue  reactions  of  sockets  about  implanted  long  porcelain-roots 
yielded  results  somewhat  different  from  those  of  Immenkamp,  and 
justify  a  challenge  of  his  conclusions  as  to  the  advisability  of  the  use 
of  long  porcelain-roots  of  the  Brill  type. 

In  our  experiments,  on  dogs  only,  the  second  incisor  on  either  side 
of  the  lower  jaw  was  extracted  and  replaced  by  a  long  porcelain-root. 
In  every  case,  the  gold  cap  of  the  implanted  porcelain-root  was  fast¬ 
ened  to  a  gold  p)ost-inlay  of  the  adjacent  third  incisor.  Some  im¬ 
pacted  foreign  material  was  found  in  the  sockets  when  the  artificial 
roots  were  taken  out.  In  removing  this  material,  even  when  done 
most  carefully,  some  of  the  epithelial  tissue  that  had  grown  over  the 
socket  was  inevitably  tom  away.  In  one  case,  minute  fibers  of  straw 
and  other  matter,  partially  included  in  the  tissue,  were  pulled  out  and 
the  epithelial  lining  thereby  disrupted.  The  thickness  of  the  epithelial 
lining  is  therefore  not  exactly  shown  in  all  sections  of  such  sockets. 
The  time  factor  affecting  the  tissue  reaction  was  tested;  roots  were  left 
in  sockets  for  three  weeks,  two  and  one-half  months,  and  four  months. 

In  one  dog  the  two  sockets,  in  which  porcelain  roots  had  remained 
for  three  weeks,  showed  a  delicate  but  definite  epithelial  lining  advanc¬ 
ing  to  about  half  the  depth  of  the  socket.  Inflammatory  processes 
were  present  as  diffuse  infiltration  of  lingual  gingival  tissue,  and  small 
abscesses  at  and  near  the  bottom  of  the  socket.  On  the  labial  side, 
both  the  gingiva,  and  soft  tissue  along  the  socket  almost  down  to  the 
bottom,  were  free  from  inflammatory  processes  (Jigs.  1  and  2).  In 
another  dog,  a  porcelain  root  with  an  apical  globular  enlargement  was 
implanted  on  the  right  side  of  the  lower  jaw  and,  one  and  one-half 
months  later,  the  corresponding  second  incisor  on  the  left  side  replaced 
by  a  porcelain  root.  The  dog  was  killed  after  four  months,  one  root 
having  remained  in  the  socket  two  and  one-half  months;  the  other, 
four  months.  Grossly,  both  sockets  apj)eared  healthy  and  showed 
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smooth  surfaces.  As  in  the  other  dog,  there  was  gingivitis  on  the 
lingual  side,  probably  owing  to  irritation  from  the  gold  appliance. 

Histologically  the  socket  in  which  the  porcelain  root  had  remained 
for  two  and  one-half  months  showed  a  complete,  even,  epithelial  lining 
without  any  papillary  proliferation.  The  almost  sudden  cessation  of 
papillae  formation  at  the  junction  of  gingival  and  alveolar  tissues  is  a 
striking  feature  on  the  labial  side.  On  the  lingual  side,  where  obvi¬ 
ously  gingival  inflammation  extended  into  the  alveolar  region,  some 
rounded  epithelial  papillae  are  seen  in  the  epithelial  layer,  while 
marked  epithelial  proliferation  is  present  in  the  inflamed  gingival  tis¬ 
sue.  There  are  no  inflammatory  sub-epithelial  processes  anywhere 
else.  The  fine  but  firm  fibers  of  connective  tissue  run  parallel  to  the 
surface  of  the  socket,  and  form  a  sort  of  capsule.  The  bone  under¬ 
neath  the  connective  tissue  is  healthy,  free  from  infiltration  and  in¬ 
flammation,  and  shows  processes  of  regeneration  {figs.  3  to  7). 

Grossly,  the  socket  in  which  the  porcelain  root  had  remained  for 
four  months  also  looked  healthy,  although  considerable  amounts  of 
impacted  material  had  to  be  removed.  Histologically  the  bone,  over- 
l)dng  connective-tissue,  and  lining  epithelium,  were  healthy.  Here, 
also,  absence  of  epithelial  papillae  is  a  conspicuous  feature,  and 
indicates  absence  of  inflammatory  conditions.  Wherever  inflamma¬ 
tory  processes  are  present,  epithelial  proliferation  can  be  seen,  occur¬ 
ring  on  the  lingual  side  toward  the  gingival  tissue,  where  there  is 
infiltration  with  round-cells  extending  from  the  gingiva  {figs.  8  to  13). 
We  may  assume  with  certainty  that  the  epithelial  lining  at  the  bottom 
of  the  socket  and  along  the  sides  in  the  lower  third  was  thicker  than 
it  appears  in  the  figures,  some  of  this  lining  having  been  removed  with 
the  impacted  material,  as  is  indicated  by  the  breaks  in  the  layer  and 
by  the  conspicuous  shreds. 

A  feature  of  special  interest  in  this  experiment  is  the  incarceration  of 
shreds  of  straw  or  other  fibers  within  the  connective  tissue  of  the 
socket,  chiefly  at  the  bottom,  but  also  along  the  sides.  This  is  well 
demonstrated  by  the  Van  Gieson  stain.  Presence  of  these  infected 
fibers  caused  cellular  infiltration,  which  in  due  time  subsided  and  the 
foreign  fibers  became  sterile.  Slits  are  seen  where  the  fibers  have  fal¬ 
len  out  or  have  been  absorbed.  Epithelial  cells  were  found  about  some 
of  these  foreign-body  inclusions  and  slits.  Whether  some  of  this 
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epithelium  about  slits  had  vanished  is  difficult  to  ascertain,  but 
reference  may  be  made  to  investigations  by  Wassmund  on  methods 
of  operative  treatment  of  large  cysts  of  the  maxilla.  In  turning  a 
large  plastic  flap  into  a  cyst  of  the  maxillary  sinus  to  cover  an  opening 
to  the  oral  cavity,  the  raw  bleeding  surface  of  the  flap  was  superimposed 
over  the  epithelium  of  the  sinus.  This,  however,  did  not  prevent 
union  of  the  flap  with  the  sub-epithelial  connective-tissue  of  the  sinus 
mucosa,  because  the  epithelium  perished  rapidly.  Histological  exami¬ 
nation  four  weeks  after  operation  showed  only  a  few  islands  of  epi¬ 
thelium;  after  six  weeks  only  scattered  remnants  of  epithelial  cells 
were  seen,  which  showed  all  the  signs  of  necrosis.  Epithelium  in¬ 
herently  tends  to  cover  free  surfaces,  grow  over  preexisting  as  well 
as  artificially  produced  spaces,  segregate  foreign  material,  disrupt 
inflammatory  areas.  When  this  is  accomplished,  epithelium  perishes 
wherever  it  is  no  longer  needed.  This  process  probably  takes  place 
very  frequently  in  the  oral  mucosa  and  periodontal  tissue.  The 
histological  findings  in  our  experiments  illustrate  the  tendency  of 
epithelium  to  cover  wound  surfaces  from  the  margin,  not  only  in  simple 
extraction-wounds,  but  also  in  empty  sockets  in  which  porcelain  roots 
have  been  embedded.  Histological  investigations,  by  Loos  and  Gross, 
of  epithelization  of  extraction  wounds,  and  of  formation  of  granula¬ 
tion  tissue  in  human  sockets,  have  shown  that  smaller  extraction- 
wounds  are  completely  covered  with  a  delicate  epithelial  film  in  about 
a  week.  After  about  two  weeks  an  epithelial  layer  was  found  over  the 
granulation  tissue,  which  filled  the  socket.  Very  similar  are  the  proc¬ 
esses  in  dogs  as  studied  by  various  investigators.  Epithelization 
begins  as  early  as  three  days  after  extraction;  after  three  weeks  the 
epithelial  covering  resembles  the  normal  epithelial  lining. 

Infection  of  the  socket  is  probably  unavoidable  in  man  as  well  as  in 
the  dog,  but  such  infections  are  overcome  and,  with  ensuing  inflamma¬ 
tory  reactions,  apparently  fail  to  interfere  with  surface  epithelization. 
Infiltrating  proliferation  of  epithelium,  a  common  feature  in  all  in¬ 
flammatory  conditions  of  gingiva  and  periodontium  in  pyorrhea,  is 
conspicuously  absent  in  the  sockets  in  our  experiments.  Unless  there 
is  a  gingival  inflammation,  as  seen  on  the  lingual  side,  papillae  forma¬ 
tion  ceases  abruptly  and  the  epithelial  lining  presents  an  even,  smooth 
layer.  The  fact  emphasized  by  several  investigators,  that  highly 


Fig.  2.  Labial  side  of  socket  in  fig.  1.  Almost  complete  lack  of  infiltration. 

Fig.  3.  Socket  about  porcelain  root  two  and  one-half  months  after  implantation.  Root 
had  become  loose  under  gold  cap,  and  turned  to  oblique  position;  therefore,  sections  in  suc¬ 
ceeding  figures,  showing  labial  and  lingual  gingiva,  do  not  reveal  full  length  of  socket. 
Complete  epithelial  lining  without  paprillae.  Infiltration  and  proliferation  of  epithelium 
in  lingual  gingival  tissue. 


Fig.  4.  L.\bi.\l  Side  of  fig.  3 

Gingival  and  alveolar  tissues  show  normal  epithelium  and  healthy  connective  tissue 
and  bone. 

Fig.  5.  Bottom  of  Socket  of  fg.  3 
See  legend  for  fig.  4 


Fig.  6.  Upper  Part  of  Lingual  Socket 
Shows  marked  infiltration  and  proliferation  of  epithelium 
Fig.  7.  Gingival  Crest 
See  legend  for  fig.  6 


Fig.  9  Fig.  10 

Fig.  9.  Labial  Side  of  Socket  in  jig.  8 
Xo  infiltration 

Fig.  10.  Bottom  of  Socket  in  jig.  8 

Epithelial  lining  torn  mechanically.  Infiltration  at  bottom  about  embedded  shreds 
of  foreign  matter. 
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Fig.  11.  Lixgu.xl  Side  of  Socket  in  fig.  8 
Infiltration  and  proliferation  of  epithelium  in  gingival  portion  only 
Fig.  12.  Lixgc.vl  Side  of  Socket  ix  fig.  8 
See  legend  for  fig.  11 


Fig.  13  Fig.  U 

Fig.  13.  Lixgcai.  Side  of  Socket  ix  fig.  8 
.See  legend  for  fig.  11.  I  mipty  space  contained  splinter  of  tooth 
Fig.  14.  Ckoss  Section'  of  Socket  ahoi  t  (Iold  .\xd  Siever  Root  Sixty  D.ws  .after 

lUlM-AXTATIOX 

I’recij>itates  of  silver  in  socket  resulting  from  decalcitication  process.  Thick  layer  of 
granulati<jn  tissue  all  around  socket;  separated  from  uiiinvolved  alveolar  hone  by  ct)n- 
nective-tissue  hand.  On  labial  side,  hone  largely  destroyed  by  extraction. 
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glazed  porcelain  is  a  non-irritating  substance,  is  brought  out  well  by 
the  findings  in  our  implantation  experiments.  Absence  of  irritation 
from  the  implanted  porcelain-root  is  also  an  important  factor  in  per¬ 
mitting  the  alveolar  bone  to  exert  fully  its  power  of  resisting  infections 
and  granulations,  a  feature  discussed  below.  Immunity  processes  also 
probably  help  to  establish  healthy  conditions  of  the  new  socket. 

The  statement  has  been  made,  by  some  who  object  to  the  use  of  the 
long  porcelain-root,  that  implantation  of  such  a  root  results  in  forma¬ 
tion  of  an  artificial  pocket.  Such  a  statement  cannot  be  accepted 
without  histological  proof.  A  pocket  about  a  natural  root  is  not 
identical  with  the  socket  about  a  porcelain  root  when  it  is  covered 
with  epithelium.  Such  a  socket  is  neither  more  nor  less  than  a  depres¬ 
sion  on  the  surface  having  an  epithelial  covering  continuous  with  that 
of  the  gingiva.  Bacteria  in  such  an  epitheliated  socket  tend  to 
develop  local  immunity  of  the  underlying  tissue  in  a  measure  com¬ 
parable  to  that  in  other  parts  of  the  oral  cavity.  Conditions  in  the 
pathological  pocket  about  a  natural  root  are  quite  different.  Here  the 
tissue  of  the  socket  is  in  organic  union  or  association  with  the  root 
structures;  these  participate  in  the  pathological  processes  that  may 
be  present  in  the  parodontal  tissue.  Proliferating  epithelium  of 
pyorrhea  pockets  growing  down  into  infiltrated  tissue  has  a  tendency 
to  loosen  or  disrupt  the  organic  union  between  natural  root  and 
parodontium.  Such  a  tooth  becomes  more  or  less  a  foreign  body, 
which  takes  an  active  part  in  pathological  processes  about  it.  A 
porcelain  root,  on  the  other  hand,  does  not  participate  in  activities  of 
surrounding  tissue — it  is  a  foreign  body  apart  from  the  living  tissue 
and  is  tissue-phil,  or  non-irritating.  The  epithelium  covering  the 
socket  about  a  porcelain  root  forms  a  membrane  that  protects  under¬ 
lying  tissue  and  also  isolates  the  tissue  from  the  foreign  body. 

According  to  our  findings,  the  length  of  the  porcelain  root  is  not 
the  factor  for  discrimination  that  it  is  reputed  to  be.  The  good 
clinical  results  obtained  by  Brill  in  a  practice  of  root  implantation, 
carried  on  for  years,  are  corroborated  by  the  histological  findings  in 
our  experimental  work.  There  is  therefore  no  reason  for  rejection 
of  this  method,  which,  owing  to  absence  of  recession  of  gingival  tis¬ 
sue  and  bone  resorption,  has  special  esthetic  and  hygienic  advantages. 

We  add  a  brief  discussion  of  results  of  an  experiment  in  which  histo- 
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logical  findings  illustrate  tissue  reactions  that  occur  about  implanted 
artificial  roots  when  conditions  are  very  unfavorable.  Four  incisors 
in  the  upper  jaw  of  a  dog  were  extracted  and  four  roots  of  gold,  silver, 
glazed  and  unglazed  porcelain,  were  respectively  implanted  into  the 
empty  sockets,  and  held  in  place  by  a  gold  bridge  fastened  to  a  post¬ 
inlay  of  the  third  incisor  on  either  side.  The  dog  was  killed  after  six 
weeks.  Considerable  laceration  of  tissue  occurred  in  the  extractions; 
the  alveolar  bone  on  the  labial  side  had  been  fractured  and  splintered; 
and  the  interdental  bony  septa,  excepting  the  median  one,  had  been 
destroyed  for  the  larger  part.  Because  of  this  destruction  of  the  bone 
structures,  which  was  increased  by  subsequent  bone  resorption,  there 
were  not  four  sockets  but  practically  only  two — one  on  either  side  of 
the  median  septum,  each  holding  two  roots  instead  of  one,  with  only 
their  diverging  tips  resting  in  separate  sockets.  It  was  therefore 
impossible  to  ascertain  any  possible  differences  among  the  effects  of 
the  different  materials.  The  oligodynamic  action  of  silver  has  been 
much  discussed  in  the  literature.  This  could  not  be  tested  in  our 
experiment,  the  silver  root  having  come  into  contact  with  the  gold 
root,  without  any  intervening  tissue,  as  was  also  true  of  the  reaction 
to  polished  and  unpolished  porcelain,  since  the  two  porcelain  roots 
were  in  direct  contact.  The  widened  sockets  also  invited  lodgement 
of  large  amounts  of  infected  material.  Impaction  was  also  favored  by 
the  large  span  of  the  bridge.  The  histological  findings  in  this  experi¬ 
ment  showed  that  within  six  weeks  epithelization  had  taken  place  in 
the  upper  part  of  the  socket;  there  were  also  evidences  of  such  a  proc¬ 
ess  in  the  deeper  portions.  But  unlike  the  even,  smooth  layer  of 
epithelium  in  the  previous  experiments,  the  epithelium  in  these  sockets, 
wherever  present,  showed  considerable  proliferation. 

The  striking  feature  about  all  sockets,  regardless  of  the  nature  of  the 
artificial  root,  was  a  thick  zone  of  highly  vascularized  granulation- 
tissue.  Around  this  was  a  layer  of  connective  tissue  varying  in  thick¬ 
ness.  The  bone,  however,  was  not  invaded  by  inflammatory  cellular 
elements;  lacunar  resorption  of  bone  was  seen,  but  bone  regeneration 
was  also  in  evidence.  Superimposed  ujjon  the  granulation  tissue  fac¬ 
ing  the  roots  was  a  layer  of  inflammatory  cells,  a  reaction  to  invasion 
by  bacteria  and  presence  of  foreign  material;  here  and  there  were 
patches  of  epithelium  between  granulation  tissue  and  impaction  mass 
{fig.  14).  In  spite  of  the  depth  of  sockets  impacted  with  much  in- 
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fected  material,  and  the  thick  layer  of  granulation  tissue,  there  is 
evidence  of  a  very  definite  attempt  to  encapsulate  this  zone  by  a  band 
of  connective  tissue  and  to  prevent  invasion  of  bone  by  infiltrating 
cells.  How  long  would  the  granulation  tissue  have  persisted?  Would 
it  eventually  have  been  covered  with  epithelium?  How  effective 
would  the  epithelium  be  against  infected  material  in  the  socket? 

Observations  in  an  experimental  study  of  the  fate  of  free  bone 
transplants  in  artificially  produced  infections,  recently  reported  by 
Hammer,  present  very  interesting  features  pertinent  to  this  subject. 
Hammer’s  investigations  revolved  about  the  question;  What  happens 
to  bone  transplants  in  surgery  on  the  mandible  in  cases  of  subsequent 
infections,  which  occur  whenever  the  oral  cavity  is  opened  up?  Ob¬ 
servation  has  shown  that  when  bone  covered  with  periosteum  is  trans¬ 
planted,  and  infection  sets  in  about  the  field  of  the  transplant  some 
time  after  transplantation,  the  transplanted  bone  is  not  sequestered 
in  all  cases  in  its  entirety;  occasionally  only  a  part  is  sequestrated  while 
the  main  part  is  preserved.  This  is  due  to  the  fact  that  the  preserved 
part,  before  being  reached  by  infection,  effects  organic  union  with  the 
tissue  into  which  it  was  embedded;  perhaps  the  bone  has  already  been 
covered  by  a  thin  layer  of  new  living  bone.  Hammer  studied  the 
histological  condition  of  the  transplant  that  makes  survival  of  the 
bone  possible  in  the  event  of  a  subsequent  infection,  and  tested  the 
time  necessary  for  a  transplant  to  enter  into  firm  organic  union  with 
new  mother  tissue  and  to  become  resistant  to  infection.  With  trans¬ 
planted  splints  of  tibia  and  disks  of  fibula,  he  found  that  seven  days  is 
too  short  a  period  for  a  bone  transplant  to  acquire  resistance  to  infec¬ 
tion;  there  is  as  yet  no  new-bone  formation.  All  7-day  healed-in 
transplants  perished  in  from  three  to  five  days  after  the  onset  of 
infection.  P'rom  two  weeks  on,  all  transplants  survived  infection. 
Healing  takes  place  by  granulation  tissue.  Despite  infection,  the 
regeneration  process  about  transplanted  bone  goes  on  undisturbed. 
New  observations  have  also  shown  that  in  oral  surgery  pre-transplanted 
bone,  when  allowed  to  heal-in,  is  protected  against  action  of  granula¬ 
tions  and  wound  infection,  so  that  pre-planted  bone,  in  spite  of  drain 
and  granulations  despite  open  communication  with  the  oral  cavity, 
and  even  with  abscess  formation  in  the  region  of  the  wound  is 
preserved  to  the  body.  Hammer  stresses  the  biological  inqxjrtance 
of  the  observation  that  a  thin  layer  of  living  bone — even  if  not  complete 
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everywhere — ^is  sufficient  to  protect  the  larger  part  of  dead  bone  from 
the  otherwise  unfailing  effect  of  infection  sequestration. 

If  these  conditions  are  applied  to  our  porcelain-root  implantations, 
we  may  say  that  here  the  bone  presents,  in  a  superior  manner,  the 
qualities  referred  to.  Instead  of  transplanted  necrotizing  bone,  there 
is  living  bone  in  situ,  in  a  process  of  constant  regeneration  along  its 
surface,  which  should,  as  such,  be  well  protected  against  the  action  of 
granulation  tissue  and  infection.  Therefore,  bone  seems  to  be  en¬ 
dowed  with  unusual  powers  of  resistance  to  infections.  This  property 
is  particularly  in  evidence  in  the  bone  of  the  hard  palate.  Investiga¬ 
tions  made  by  Brinch  are  very  convincing.  Palatal  tissue  removed 
post-mortem  from  twelve  patients  who  had  worn  plates,  and  whose 
ages  ranged  from  25-85,  revealed  the  following  features;  (a)  with 
epithelial  proliferation  and  sub-epithelial  round-cell  infiltration,  and 
involvement  of  gland  tissue  causing  atrophy  and  partial  replacement 
by  fat  tissue,  the  inflammatory  process  stopped;  (b)  the  inner  portion 
of  gland  structures  and  the  bone  were  unaffected,  regardless  of  the 
extent  of  inflammatory  processes  in  over-lying  structures,  i.e.,  epithe¬ 
lium  and  mucosal  connective-tissue. 
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EFFECTS  OF  DIETS  CONTAINING  FLUORINE  ON  JAWS 
AND  TEETH  OF  SWINE  AND  RATS’ 


R.  M.  BETHKE,  Ph.D.  and  C.  H.  KICK,  M.S.  and  T.  J.  HILL,  D.D.S.  and  S.  W.  CHASE,  Ph.D. 

Ohio  Agricultural  Experiment  Station,  Western  Resene  University, 

Wooster,  Ohio  Cleveland,  0. 

For  five  years  investigations  of  effects  on  animals  of  diets  containing 
fluorine  (F),  especially  diets  containing  rock  phosphate  as  a  mineral 
supplement,  have  been  in  progress  at  the  Ohio  Agricultural  Experiment 
Station.  During  these  experiments,  the  first  two  collaborators  accu¬ 
mulated  much  material.  They  invited  the  last  two  collaborators  to 
investigate  this  material  with  regard  to  effects  on  teeth  and  jaws. 
This  report  presents  the  results  of  this  investigation. 

REVIEW  OF  LITERATURE 

Brandi  and  Tappeiner  (1891)  fed  to  a  dog  weighing  12.75  k.  from  O.l  to  1.0  gm.  of  NaF 
daily  for  647  days.  Bones  were  whiter  than  normal,  requiring  extra  force  to  cut  with 
chisel  or  saw;  cementum  was  porous;  roots  of  teeth  showed  absorption.  Rost  (1908;  cited 
by  Deussen)  observed  that  in  dogs  fed  NaF,  exostoses  and  swellings  arose  in  certain  bones. 
Schwyzer  (1914)  found,  in  rabbits  fed  1.0  to  2.0  mgms.  of  NaF  per  k.  daily  (duration  not 
indicated),  that  fat  in  bones  decreased  and  was  replaced  by  lymphoid  elements.  Soil- 
man,  Schettler,  and  Wetzel  (1921)  found,  in  e.xperiments  in  which  NaF  and  phosphate 
rock  were  incorporated  in  the  diet  of  rats  for  5-21  weeks,  that,  to  produce  toxic  effects, 
a  somewhat  higher  dosage  of  F  “is  required  in  the  case  of  the  rock  than  with  the  easily 
soluble  fluorid;”  but  the  difference  was  not  greater  than  two  or  three  parts  of  rock  tluorid 
per  one  of  NaF.  Schulz  and  Lamb  (1925)  gave  rats  diets  containing  NaF  in  these  amounts: 
(a)  0.05%,  (b)  0.10%,  (c)  0.15%,  and  (d)  0.25%  (lethal  within  two  weeks).  In  groups  (b) 
and  (c)  “overgrowth”  of  maxillary  incisors  was  noted.  McCollum,  Simmonds,  Becker, 
and  Bunting  (1925)  gave  rats  for  11-63  weeks  a  diet  containing  0.0102%  F.  Bunting’s 
description  of  microscopic  aspects  of  jaws  and  teeth  was  the  first  detailed  account  of  effects 
of  F  in  the  diet  on  these  organs.  He  described  the  tendency  for  maxillary  incisors  to 
continue  growth  because  of  breaking  or  rapid  attrition  of  mandibular  incisors;  narrowing 


*  Received  for  publication:  April  23,  1932.  Presented  at  the  tenth  general  meeting  of 
the  International  Association  for  Dental  Research,  Columbus,  Ohio,  Mar.  19-20,  1932; 
Journal  of  Dental  Research,  1932,  xii,  p.  450.  This  paper  required  editorial  abbreviation 
throughout,  to  make  its  publication  possible  under  current  economic  conditions.  The 
editor  is  resjwnsible  for  the  ensuing  changes  in  phraseology  and  the  croi)ping  of  the 
illustrations. — \Ed.\ 
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of  the  maxillary  dental  arch  by  at  least  1  mm.;  dull,  opaque,  white  color  and  lack  of  luster 
of  incisors,  transverse  corrugations  signifying  intermittent  interferences  with  development; 
and  separation  and  friability  of  mandibular  incisors.  Sette  (1928)  reported  exostoses  on 
long  bones  of  cattle  that  grazed  in  the  vicinity  of  a  factory  where  chemical  fertilizers, 
nitric  acid,  and  sulphuric  acid  were  produced.  Guinea  pigs,  on  the  same  forage  as  the 
cattle,  died  in  twenty  to  fifty  days.  Their  bones  had  diminished  breaking-strength. 
Contrary  to  opinions  previously  expressed  by  Bartolucci  and  Cristiani,  Sette  believed  the 
bone  changes  were  due  to  acidosis  from  nitric  and  sulphuric  vapors  rather  than  to  fluorosis. 
I>ewy  (1928)  fed  six  white  mice  0.0512  gm.  of  CaFj  daily  for  6  to  9  months.  All  died,  but 
the  six  controls  lived.  The  teeth  of  the  experimental  animals  showed  “only  a  little 
discoloration.”  Bergara  (1929),  administering  NaF  daily  with  the  diet  to  rats,  found  dis¬ 
turbances  of  calcification  comparable  to  “erosions”  in  human  teeth.  He  believed  these 
lesions  were  caused  by  effects  of  chronic  intoxication  on  endocrine  glands,  resulting  in 
disturbance  of  calcium  metabolism.  Bethke,  Kick,  Edgington,  and  Wilder  (1929)  found 
that  although  bones  of  swine  that  ingested  rock  phosphate  or  NaF  showed  no  significant 
differences  from  normal  bone  in  content  of  Ca,  Mg,  and  P,  femurs  showed  marked  decrease 
in  breaking  strength.  F  content  of  bones  was  directly  proportional  to  F  in  the  diet. 
Taylor  (1929;  cited  by  McClure  and  Mitchell,  1931b)  fed  several  cows  varying  amounts 
of  calcium  fluosilicate,  and  interpreted  their  tendency  to  lap  water  as  indicating  that 
teeth  were  affected.  The  animals  were  slightly  shear-mouthed;  the  teeth,  rather  narrow. 
The  occlusal  surfaces  of  the  molars  were  abraded  to  such  a  degree  that  pulps  were  exposed. 

Chaneles  (1930)  fed  three  lots  of  rats  white  bread  and  milk.  Lot  C  (9  rats)  ingested 
this  diet  without  additions;  lots  B  and  A  (10  rats  each)  received  50-mgm.  additions  of 
NaF  per  k.  of  body  weight.  Lot  A  also  received  ultraviolet  radiation.  Lots  A  and  B  showed 
loss  of  pigment  in  incisors  and  of  luster  in  enamel,  which  became  rugose  and  pitted.  After 
55  days,  upper  incisors  became  elongated,  lower  incisors  shortened;  or  this  condition  was 
reversed.  The  cutting  edges  of  incisors  became  dulled.  Incisors  of  fluorized  rats  showed 
slightly  less  than  normal  content  of  Ca.  All  these  changes  were  less  intense  in  the  irradi¬ 
ated  animals  of  lot  A.  Enamel  presented  less  uniform  prisms  and  strongly  marked 
Retzius’  striae.  Incremental  lines,  lamination,  and  interglobular  regions  were  pro¬ 
nounced  in  dentin.  The  ameloblastic  surface  was  very  uneven,  ameloblasts  being  short 
and  wide  wdth  rounded  nuclei.  Calcification  of  enamel  was  disorderly,  with  hypoplasia 
and  “erosion.”  In  dentin  there  were  poorly  consolidated  calcospherites,  zones  of  poor 
calcification,  “pulpal  hernias,”  enlargement  of  zone  of  predentin,  irregular  internal  surface, 
and  f>oor  stainability.  Pulp  and  odontoblastic  layer  appeared  normal.  The  defects  were 
markedly  less  in  molars  than  in  incisors,  and  all  effects  of  fluorization  were  less  in  irradi¬ 
ated  rats  of  lot  A.  In  a  second  experiment,  Chaneles  dealt  with  four  groups  of  five  rats 
each.  Group  D  received  daily  50  mgms.  of  NaF  per  k.;  group  E,  2  mgms.  of  Nal  per  k.; 
group  F,  50  mgms.  of  NaF  and  2  mgms.  of  Nal  per  k.;  group  G,  controls,  only  bread-and- 
milk  diet.  The  groups  were  on  the  respective  diets  for  178  days,  or  until  death.  Rats  of 
group  D  showed  much  more  rapid  growth  during  the  first  three  months,  then  fell  be¬ 
hind.  Xerophthalmia  developed  in  one  rat,  but  the  rest  were  relatively  healthy,  with  no 
severe  cachexia.  In  group  F,  there  was  decrease  of  weight  amounting  to  63.0%  in  9 
weeks— all  died.  In  group  E,  there  was  uniform  increase  in  weight,  averaging  17%. 
Changes  in  teeth  in  these  groups  were  similar  to  those  described  in  his  first  experiments. 

Reed  and  Huffman  (1930)  found  molars  of  cattle  on  food  containing  rock  phosphate  so 
badly  worn  in  two  years  that  the  cattle  lapped  water  unless  warmed  to  nearly  body 
temperature.  Teeth  were  duller  in  appearance,  and  mandibles  thicker  and  rougher,  than 
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normal.  Large  metatarsus  showed  numerous  exostoses,  and  thickened  and  roughened 
shaft.  Smith,  Lantz,  and  Smith  (1931),  by  supplying  rats  with  water  containing  from 
30.4  to  60.2  mgms.  of  F  per  liter,  or  by  mixing  this  water  with  food,  produced  defects  in 
incisors  “similar,  if  not  identical,  to  that  condition  produced  in  litter-mates*'  by  addition 
of  XaF  to  their  ration.  Teeth  were  “chalky,  white,  and  in  many  cases,  decidedly  pitted.** 
McClure  and  Mitchell  (1931a)  saw  no  effects  of  high-F  diets  on  teeth  of  pigs,  but  (1931b) 
found  that  NaF  affected  composition  of  bone  in  rats  receiving  food  containing  0.03  to 
0.06%  of  F.  There  were  increased  ash  (averaging  1.3%);  decreased  Ca  in  ash  (averaging 
1.05%);  and  depression  of  Ca:P  ratio.  Similar  but  less  marked  effects  were  produced  by 
CaFjat  the  same  levels,  though  Ca;P  ratio  was  not  affected.  At  levels  of  0.03%  and 
0.06%,  F  (NaF  or  CaF)  brought  about  the  characteristic  dental  abnormalities.  Tolle  and 
Maynard  (1931)  reported  that  while  rats  ingesting  2%  or  more  of  phosphatic  limestone 
showed  tooth  changes  indicative  of  excess  of  F,  levels  up  to  5%  resulted  in  bone  of  normal 
ash  content  over  an  experimental  period  of  35  days.  No  changes  were  noted  in  teeth  of 
pigs  on  diet  (four  months)  containing  1.5-3.0%  of  phosphatic  limestone.  They  reported 
that  rats  with  abnormal  teeth  have  shorter  and  deeper  skulls  than  normal,  and  suggested 
that  this  change  in  shape  of  skulls  resulted  in  “asymmetry  which  caused  the  teeth  not  to 
meet  squarely.**  Bone  of  these  skulls  was  coarser  than  normal.  That  the  enamel  organ 
was  not  destroyed  by  F  was  shown  by  returning  to  a  normal  diet  rats  previously  on  one 
containing  150  p.p.m.  of  F,  when,  in  3-4  months,  color  gradually  reappeared  and  teeth 
became  normal  in  appearance. 


MATERIAL 

Material  for  this  investigation  includes  mandibles  of  51  swine,  maxillae 
of  3  sows,  and  heads  of  46  rats.  Forty-eight  swine,  shortly  after  weaning, 
were  divided  into  six  lots  of  8  each.  All  lots  received  this  basal  ration: 


Basal  ration 

Basal  ration 

while  under  125  lbs.  in 

U'hile  over  125  lbs. 

weight  {13  wks.,  ca.) 

in  weight. 

Yellow  corn . 

.SS.Opts. 

75.0  pts. 

Wheat  middlings .... 

25.0  “ 

14.0  “ 

Linseed-oil  meal . 

19.0  “ 

10.0  “ 

Sodium  chloride . 

0.5  “ 

0.5  “ 

Cod-liver  oil . 

0.5  “ 

0.5  “ 

Mineral  additions  to  basal  diets  were  made  as  follows:  Lot  1:1  part  ground 
limestone;  1  part  steamed  bone-meal  (F  addition,  none).  Lot  2:  1  part 
ground  limestone;  1  part  steamed  bone-meal;  10  gms.  NaF  for  each  100  lbs. 
basal  ration  (F  addition,  0.01%).  Lot  3:  1  part  ground  limestone;  1  part 
steamed  bone-meal;  30  gms.  NaF  for  each  100  lbs.  basal  ration  (F  addition, 
0.03%).  Lot  4:  1  part  ground  limestone;  1  part  steamed  bone-meal;  60 gms. 
NaF  per  100  lbs.  basal  ration  (F  addition,  0.06%).  Lot  5:  429  gms.  ground 
limestone;  227  gms.  steamed  bone-meal;  222  gms.  rock  phosphate  for  each 
100  lbs.  basal  ration  (F  addition,  about  0.017%).  Lot  6:  404  gms.  ground 
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TABLE  1  {Concluded  on  the  opposite  page) 


Diets,  duration  of  feeding,  and  F  content  of  diets  of  18  lots  of  rats^ 


LOT 

EAT 

NO. 

DIET 

Quality 

F(%) 

Weeks 

1 

8190 

8192 

8193* 

Synthetic  diet;  casein,  18;  dextrin,  67;  yeast,  7;  salt  mix-  ( 
ture  (0.  &  M.,  NaF  omitted),  4;  agar,  2;  cod-liver  oil,  2 

0,0000 

19 

19 

19 

2 

8194 

8198 

Synthetic  diet,  plus  0.01%  NaF  ( 

0.0045 

19 

19 

3 

8200 

8202 

Synthetic  diet,  plus  0.01%  CaF2 

0.0049 

19 

19 

4 

Synthetic  diet,  plus  0.02%  NaF 

0.0090 

19 

19 

5 

8211 

8213 

Synthetic  diet,  plus  0.02%  CaF2 

0.0097 

19 

19 

6 

Synthetic  diet,  plus  0.05%  NaF 

0.0226 

19 

19 

19 

7 

8219* 

8222 

8223 

Synthetic  diet,  plus  0.05%  CaF2 

0.0243 

19 

19 

19 

8 

8A 

550* 

552 

553 
8835 
8837 

Basal  ration,  plus  2%  Rhum’s  Rock  Phosphate 

0.0700 

32 

59 

65 

28 

28 

9 

1410 

1411 

Basal  ration,  plus  2%  Armour’s  (untreated)  Rock  Phos¬ 
phate 

0.0700 

50 

50 

10 

1413 

1415 

Basal  ration,  plus  2%  Armour’s  (treated)  Rock  Phosphate 

11 

200 

201* 

1418 

1419 

Basal  ration,  plus  1.78%  steamed  bone-meal  and  0.34% 
limestone.  (Ca  and  P  equivalent  to  amounts  in  §  8) 

0.0000 

46 

46 

62 

62 

12 

i 

Basal  ration,  plus  2%  “Fos-for-us”  (phosphatic  limestone) 

0.0200 

48 

49 

13 

449 

450 

Basal  ration,  plus  4%  “Fos-for-us” 

0.0400 

56 

56 

14 

452 

454 

Basal  ration,  plus  0.70%  Rhum’s  Rock  Phosphate  and 
1.35%  limestone.  (Ca  and  P  equivalent  to  amounts  in 
»12) 

0,0245 

46 

45 

15 

457 

458 

Basal  ration,  plus  1.41%  Rhum’s  Rock  Phosphate  and 
2.69%  limestone  (Ca  and  P  equivalent  to  amounts  in 
Jf^l3) 

0.0500 

1  54 

70 
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TABLE  1 — Concluded 


LOT 

RAT 

NO. 

DIET 

Quality 

F  (%) 

Weeks 

16 

464 

468 

Basal  ration,  plus  1.78%  steamed  bone-meal,  0.11%  lime¬ 
stone,  and  0.16%  CaF2  (Ca  and  P  equivalent  to  amounts 
in  »8) 

0.0780 

50 

50 

17 

470 

473 

Basal  ration,  plus  0.63%  steamed  bone-meal,  1.39% 
limestone,  and  0.05%  CaFa  (Ca  and  P  equivalent  to 
amounts  in  12) 

0.0243 

58 

47 

18 

475 

479 

Basal  ration,  plus  1.26%  steamed  bone-meal,  2.78%  lime¬ 
stone,  and  0.10%  CaF2  (Ca  and  P  equivalent  to  amounts 
in  K^ld) 

0.0487 

56 

55 

^  Basal  ration  for  lots  8-18  inclusive:  soybean-oil  meal,  10;  casein,  10;  yeast,  3;  cod- 
liver  oil,  2;  sodium  chloride,  1;  ground  yellow-corn,  sufficient  for  100  parts  after  mineral 
additions  have  been  made. 

*  Used  for  histological  examination. 

TABLE  2 


Average  measurements  of  mandibles  of  pigs  from  Lots  1-6^ 


LOT 

FLUORINE 

ADDED 

FORM  IN  WHICH  F 
WAS  ADDED 

MANDIBLE 

BUCCO-LINC.UAL 
DIMENSIONS  at: 

VERTICAL 
DIMENSIONS  at: 

Width 
of  arch 

Length 

Height 

Ml 

M2 

M3 

Ml 

M2 

M3 

1 

per  cent 

0.000 

199.4 

102.4 

21.2 

21.7 

23.1 

41.1 

41.1 

42.4 

2 

0.01 

NaF 

205.1 

103.2 

21.3 

22.3 

23.3 

42.3 

41.8 

42.2 

45.6 

3 

0.03 

NaF 

194.4 

102.4 

24  6 

25.3 

40.7 

41.2 

46.8 

4 

0.06 

NaF 

191.6 

24.1 

25.1 

41.3 

ifilg 

41.1 

45.6 

5 

0.017 

Rock  phosphate 

203.1 

104.9 

HaBl 

22.9 

24.2 

42.3 

41.2 

41.6 

45.5 

6 

0.034 

Rock  phosphate 

104.2 

24.7 

25.8 

25.9 

43.5 

42.3 

*  The  measurements  are  recorded  as  millimeters. 


limestone;  444  gms.  rock  phosphate  per  100  lbs.  basal  ration  (F  addition 
about  0.034%).  Ca  and  P  contents  of  rations  of  all  lots  are  comparable. 

Mandibles  and  maxillae  of  remaining  swine  were  obtained  from  freshly 
slaughtered  sows.  All  received  this  basal  ration  (parts):  Ground  yellow- 
corn,  75.0;  wheat  middlings,  14.0;  linseed-oil  meal,  10.5;  sodium  chloride, 
0.5.  Sow  872  (29  months  old;  control)  received  basal  ration,  plus  2  parts 
ground  limestone  for  26  months.  F  content,  trace  (?).  Sow  1095  (29 
months  old)  received  basal  ration,  plus  1  part  rock  phosphate  and  1  part 
ground  limestone  for  26  months.  F  content,  about  0.034%.  Sow  1068  (14 
months  old)  received  basal  ration  plus  2  parts  rock  phosphate  for  12  months. 
F  content,  about  0.07%. 
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Rat  material  included  heads,  preserved  in  formalin,  from  eighteen  lots 
on  different  diets.  Jaws  from  five  lots  were  examined  histologically. 
Teeth  and  jaws  of  eighteen  lots  were  used  for  gross  examination  and  com¬ 
parison.  Table  1  shows  diets,  duration  of  feeding,  and  F  in  diets  of  all 
rats  examined. 


TECHNICAL  METHODS 

Mandibles  from  pigs  in  lots  1  to  6  were  studied  as  gross  material.  Right 
upper  and  lower  jaws  of  sows  872,  1095,  and  1068  were  preserved  entire  in 
10%  formalin.  Blocks  containing  first,  second,  and  third  lower  molars 
were  excised  and  cut  bucco-lingually  into  slices.  From  these  slices  four  to 
six  ground  sections  of  each  tooth  were  prepared,  and  mounted,  unstained, 
in  balsam.  Left  upper  and  lower  jaws  of  sows  872,  1095,  and  1068  were 
sawed  bucco-lingually  into  blocks  about  1  cm.  thick.  If  pulp  chambers 
were  not  exposed  by  cuts,  holes  were  drilled  with  large,  round  burrs,  to 
facilitate  fixation,  decalcification,  and  embedding.  From  these  blocks, 
were  selected  those  corresponding  in  location  to  ground  sections  from  molars 
of  right  jaws.  These  selected  blocks  were  decalcified  in  2%  nitric  acid, 
embedded  in  celloidin,  and  sectioned.  About  every  fourth  section  was 
saved,  stained  in  haematoxylin  and  eosin,  and  mounted  in  balsam. 

Both  jaws  of  rats  8193, 8215, 8219, 550,  and  201,  representing  respectively 
lots  1,  6,  7,  8,  and  11,  were  cut  into  right  and  left  halves.  Each  half  was 
decalcified  in  2%  nitric  acid  and  embedded  in  celloidin.  Serial  sections,  20 
or  25  micra  thick,  were  cut  in  planes  parallel  to  long  axis  of  incisor.  Sec¬ 
tions  were  stained  in  haematoxylin  and  eosin,  and  mounted  in  balsam. 

OBSERVATIONS 

The  most  striking  change  in  jaws  of  swdne  on  diets  containing  rela¬ 
tively  high  levels  of  F  is  marked  increase  in  size  of  body  of  the  mandi¬ 
ble.  The  average  bucco-lingual  dimensions  in  the  molar  region  of 
sows  1095  (0.0343%  F  in  diet)  and  1068  (0.0686%  F  in  diet)  are 
respectively  42  and  60%  greater  than  those  of  control  sow  872. 
Vertical  dimensions  of  mandibles  in  the  same  regions  are  increased  to 
a  less  degree  (29  and  25%  in  hogs  1095  and  1068).  In  swine  on  diets 
containing  F  for  shorter  periods  of  time,  a  similar  but  smaller  increase 
in  size  of  mandibles  is  evidenced  (Jig.  1).  Table  2  indicates  average 
measurements  of  mandibles  of  six  lots  of  8  pigs  each,  on  experimental 
diets  for  23  weeks.  Comparison  of  these  measurements  shows  no 
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significant  difference  in  length  and  total  height,  or  in  vertical  dimen¬ 
sions  in  the  molar  region.  The  bucco-lingual  dimension  in  the  molar 
region  is  increased  roughly  in  proportion  to  the  amount  of  F  ingested. 
Width  of  the  dental  arch,  measured  at  the  mandibular  second  molars, 
is  definitely  increased. 

The  external  surface  of  bone  in  jaws  of  swine  on  diets  containing 
toxic  amounts  of  F  appears  rough,  uneven,  and  less  translucent  than 
normal.  In  addition  to  general  thickening  of  the  mandible,  exostoses 
are  common.  In  slices  cut  transversely  through  mandibles  of  sows 
1095  and  1068,  extensive  local  thickenings  of  the  compacta  are  ob¬ 
served.  In  such  a  slice,  the  medullary  space  is  markedly  increased  in 
size  as  compared  with  a  slice  at  a  corresponding  plane  from  the  control 
sow,  872  (figs.  2  and  3).  Microscopical  examination  of  celloidin 
sections  through  the  mandible  shows  that  compact  bone  in  certain 
thickened  regions  is  imperfectly  transformed  from  its  cancellous, 
precursory  stage.  The  concentric  lamellar  systems  are  irregular  and 
meandering  in  their  course,  and  Haversian  canals  are  often  greater  in 
diameter  than  in  normal  bone.  Aside  from  irregularity  of  the  con¬ 
centric  lamellar  systems,  the  appearance  is  that  of  compact  bone  being 
formed  with  great  rapidity.  The  result  is  hyperplasia  of  certain  por¬ 
tions  of  the  compacta,  chiefly  restricted  to  the  buccal  plate  of  the 
mandible.  Never,  in  either  ground  sections  or  celloidin  sections  of 
decalcified  bone,  has  there  appeared  any  sign  of  the  crystals,  presum¬ 
ably  of  CaF2,  described  by  Brandi  and  Tappeiner  (1891)  as  filling  the 
Haversian  canals  and  primary  marrow-spaces  in  bones  of  their  dog. 
The  medullary  spaces  of  mandibles  of  normal  sow  872,  and  of  sows  on 
high-F  diets  (1095  and  1068),  are  filled  with  yellow  marrow.  Red 
marrow  is  lacking,  even  in  marrow  spaces  of  cancellous  bone  near 
cortical  bone.  We  were  unable  to  find  any  evidence  in  mandibles  of 
loss  of  fat-content  of  marrow  and  replacement  by  lymphoid  elements, 
as  reported  by  Schwyzer  (1914)  in  rabbits. 

While  some  mild  gross-hypoplasia  of  enamel  was  occasionally  ob¬ 
served  in  controls,  swine  on  high-F  diets  showed  severe  gross-hypo¬ 
plasia  of  enamel,  in  portions  formed  after  experimental  feeding  had 
been  begun.  For  purposes  of  comparison,  the  three  permanent  molars 
were  selected  for  microscopical  examination  because  calcification  of 
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these  teeth  covers  a  range  of  time  including  periods  before  and  during 
experimental  feeding  (Jig.  4).  Besides  the  gross  hypoplasia  observed 
in  enamel,  many  teeth  exhibit  a  fluted  appearance  where  the  surface 
was  formed  after  experimental  feeding  had  been  begun.  A  marked 
example  of  this  is  shown  in  jig.  5,  Abrasion  was  not  noticeably  differ¬ 
ent  in  teeth  of  controls  and  of  those  on  diets  with  high-F  content,  but 
friability  was  evidenced  by  many  chipped  and  broken  teeth  of  animals 
on  diets  containing  additions  of  F.  This  differs  from  the  excessive 
abrasion  of  molars  of  dairy  cows  on  diets  containing  rock  phosphate, 
observed  by  Reed  and  Huffman  (1930),  owing  possibly  to  the  fact  that 
ruminants  and  non-ruminants  are  contrasted  in  the  two  observations. 
Another  possible  factor  may  be  greater  length  of  time  during  which 
experimental  diets  were  fed  to  the  cattle. 

Microscopical  examination  of  teeth  of  sows  872,  1095,  and  1068 
shows  progressively  more  severe  hypoplasia  of  both  enamel  and  dentin 
in  proportion  to  amount  of  F  ingested.  A  synopsis  of  microscopical 
findings  is  made  in  table  3.  Fig.  6,  showing  a  bucco-lingual  section 
of  a  first  molar  of  sow  1068,  illustrates  well-formed  dentin  deposited 
before  experimental  feeding  was  begun  (Jig.  4),  and  markedly  hypo¬ 
plastic  dentin  formed  after  inclusion  of  rock  phosphate  in  the  diet. 
In  a  section  of  a  second  molar  of  this  sow  (Jig.  7),  calcification  of  which 
was  almost  entirely  subsequent  to  the  start  of  F  feeding  (Jig.  4),  dentin 
exhibits  severe  hypoplasia  throughout.  Enamel,  extremely  meager 
in  amount,  is  found  chiefly  in  sulci  and  on  cervical  portions  of  the 
crown.  Fig.  8,  showing  higher  magnification  of  one  cusp  of  an  un¬ 
erupted  third  molar  from  the  same  sow,  illustrates  extreme  hypoplasia 
of  enamel. 

Sixteen  measurements  were  made  on  each  rat  skull,  as  follows: 
length  of  entire  skull,  fronto-occipital  length,  length  of  nasal  bone, 
zygomatic  width,  squamosal  width,  length  and  width  of  both  dental 
arches,  distance  from  dental  arch  to  foramen  magnum,  height  and 
length  of  mandible,  distance  from  anterior  alveolar  crest  to  angle  of 
jaw,  distance  from  last  molar  to  condyle,  distance  from  last  molar  to 
angle  of  jaw,  and  thickness  of  left  mandible  in  plane  passing  between 
first  and  second  molars.  Comparison  of  averaged  measurements  of 
rats  from  groups  of  controls,  with  those  on  diets  containing  added  F, 
shows  no  significant  differences  for  either  sex.  Contrary  to  findings 


TABLE  3 

Microscopical  observations  of  molars  of  sows 
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in  swine,  mandibular  thickness  was  not  altered.  Bunting’s  observa¬ 
tion  of  decreased  width  of  the  upper  dental  arch  is  not  confirmed.  In 
spite  of  inability  to  demonstrate,  by  measurements,  differences  in  the 
proportions  of  mandibles,  those  of  rats  on  high-F  diets  have  blunter 
contours  and  are  less  graceful  in  appearance  than  those  of  normal  rats. 
As  has  been  observed  by  others,  bone  is  whiter  in  appearance,  and  has 
a  rougher  surface  lacking  normal  luster.  Microscopically,  bone  of 
fiuorized  rats  exhibits  no  significant  differences  from  normal  bone. 
Marrow  spaces  in  mandibles  of  all  groups  contain  red  marrow  showing 
no  dexiations  from  normal. 

With  additions  of  F  to  the  diet,  gross  changes  in  incisors  were  similar 
to  those  described  by  McCollum,  Simmonds,  Becker,  and  Bunting 
(1925),  Bergara  (1927),  Chaneles  (1950),  and  others.  These  changes 
appear  as  a  graded  series,  their  severity  depending  upon  amount  and 
compound  of  F  administered.  The  nature  and  severity  of  ensuing 
changes  are  briefly  indicated  for  individual  rats  of  all  lots  in  tabic  4. 
At  low  levels  of  F  toxicity,  pigment  normally  present  in  incisor  enamel 
is  reduced  in  amount;  at  higher  levels,  pigment  is  further  reduced, 
enamel  loses  its  luster,  and  gross  hypoplasia  begins  to  appear;  at  still 
higher  levels,  the  chisel-edge  of  incisors  becomes  worn  and  dulled,  and 
the  angle  at  which  the  plane  of  abraded  surface  meets  enamel  surface 
is  increased.  Continuation  of  this  condition  results  in  either  excessive 
wear  or  breaking  of  one  or  more  incisors  and  consequent  loss  of  occlu¬ 
sion.  Incisors  without  an  antagonist  continue  to  grow  and  become 
markedly  elongated.  Any  or  all  incisors  may  become  elongated, 
depending  upon  deficiency  or  loss  of  occlusal  relations  through  wear  or 
divergence.  We  did  not  confirm  the  reports  of  investigators  who  hav’e 
claimed  or  inferred  that  elongation  is  peculiar  to  upj'.er  incisors;  that 
it  results  from  more  rapid  growth  of  incisors;  or  that  it  involves 
change  in  their  radius  of  curv’ature.  Bunting’s  explanation  of  elonga¬ 
tion  of  incisors  is  confirmed.  With  F  toxicity  sufficient  to  produce 
conditions  resulting  in  elongation,  incisors  usually  exhibit  longitudinal 
corrugations  of  dentinal  surfaces  referred  to  in  table  4  as  fluting.  In 
most  rats  havfing  incisors  that  are  fluted  and  elongated,  periodontal 
tissues  immediately  overlying  the  enamel  organ  near  the  alveolar 
crest  appear  blood-red  after  the  gum  has  been  excised.  This  condition 
is  not  found  in  rats  in  which  fluting  and  elongation  are  absent.  Micro- 


Fig.  la  Fig.  lb 

Fig.  1 .  Mandibles  from  pigs  in  Lot  1  (control)  and  Lot  6  (0.034%  of  F  in  diet) 


Fig.  2  Fig  3 

Fig.  2.  Radiograph  of  mandibles  of  sows  872  (control),  1095  (0.034%  of  F  in  diet),  and 
1068  (0.07%  of  F  in  diet). 

Fig.  3.  Sections  of  mandibles  cut  throu  h  distal  roots  of  second  molars  of  sows  872, 
1095,  and  1068.  (Metric  scale.) 
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Fig.  4.  Schema  showing  progress  of  calcification  of  permanent  molars  of  swine 
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scopical  examination  and  microchemical  tests  show  that  this  condi¬ 
tion  is  due  to  iron-containing  blood  pigment,  which  is  chiefly  intracel¬ 
lular,  and  confined  to  tissues  immediately  adjacent  to  or  in  remains  of 
the  enamel  organ.  When  the  changes  in  incisors,  listed  in  tabic  4 
and  described  above,  are  arranged  in  order  of  severity  and  plotted 
against  amounts  of  F  in  the  diets  (Jig.  9),  a  graphic  approximation  is 
made  of  relative  effects  of  different  F  compounds  on  formation  of  en¬ 
amel  and  dentin.  Since  divisions  on  the  ordinate  are  somewhat  arbi¬ 
trary,  a  numerical  relationship  cannot  be  expressed  between  dosage 
and  effects  on  teeth,  yet  it  is  obvious  that  XaF  produced  most,  and 
CaF2  least,  damage.  Rock  phosphate  and  phosphatic  limestone 
have  analogous  effects  intermediate  between  XaF  and  CaF2.  This 
is  similar  to  observations  by  Sollman,  Schettler,  and  Wetzel  (1921)  of 
effects  of  NaF  and  rock  phosphate  on  growth  of  rats;  contrary  to  the 
report  by  McClure  and  Mitchell  (1931b)  that  CaF2  is  as  effective  as 
X'^aF  in  producing  changes  in  tooth  structure.  Teeth  of  control  rats 
have  normal  dental  tissues  (fig.  10).  Teeth  of  fluorized  rats  show- 
graded  hypoplastic  defects,  the  severity  of  w-hich  is  directly  propor¬ 
tional  to  the  amount  of  added  F  w'hen  the  form  of  F  is  considered. 
Both  upper  and  lower  incisors  of  rat  8219  (lot  7),  which  received 
0.0243%  of  F  in  its  diet  as  CaF2,  are  histologically  normal.  Effects 
of  F  diets  are  consistently  more  marked  in  maxillary  incisors  than 
in  mandibular.  Low-er  incisors  of  rat  550  (lot  8),  which  received 
0.07%  of  F  as  rock  phosphate,  show  only  mild  hypoplasia  of  enamel 
(jig.  11),  whereas  upper  incisors  exhibit  severe  hypoplasia  (Jig.  12). 
Both  upper  and  lower  incisors  of  rat  8215  (lot  6),  which  received 
0.0226%  of  F  as  X'^aF,  show  the  most  severe  hypoplasia  of  any 
microscopically  e.xamined  (Jig.  13). 

Hypoplasia  of  enamel  involves  either  general  or  local  decrease  in 
thickness,  or  both.  Concomitant  with  this  decrease  in  thickness, 
there  are  disturbances  in  uniformity  of  arrangement  of  prisms,  and 
some  difference  in  composition  of  enamel,  which  renders  it  more  easily 
retained  following  decalcification;  its  stainability  with  haematoxylin 
also  is  increased.  Associated  with  changes  in  enamel  are  alterations 
in  appearance  of  the  enamel  organ,  involving  decrease  in  height  of 
ameloblasts,  unevenness  of  the  inner  amelobastic  surface,  and  increase 
in  length  of  interpapillary  projections  of  the  enamel  organ  (Jigs.  11  to 


Fig.  3.  (jround  cross-section  of  fluted  central  incisor  from  sow  1068.  X7. 
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13).  Decrease  in  height  of  anieloblasts  may  become  so  marked  that 
they  are  reduced  to  a  squamous  type  of  cell  {Jig.  14).  Similar  decrease 
in  height  of  ameloblasts  normally  occurs  toward  the  end  of  amelogene- 


Fig.  8.  Hucco-lingual  ground  section  of  buccal  cusp  of  unerupted  third  molar  from  sow 
1068,  illustrating  extreme  hypoplasia  of  enamel.  X150. 
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Fig.  9.  Effects  of  different  dosages  of  F  on  incisors  of  rats.  (.See  data  in  table  4.) 

•  - •  NaF.  •  Rock  phosphate.  • - -•  I'hosphatic  limestone. 

•  - •  Cal's. 


sis,  in  which  condition  it  signifies  diminution  and  ultimate  cessation  of 
amelogenic  function.  In  hypoplasia  of  enamel,  decrease  in  height  and 
decrease  in  function  of  ameloblasts  occur  before  normal  amount  of 


Fig.  12.  Longitudinal  section  through  upper  incisor  of  rat  550  (Lot  8).  H.  and  E 
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Fig.  14.  Longitudinal  section  through  hypoplastic  defect  in  enamel  of  upper  incisor 
of  rat  550  (Lot  8).  H.  and  E.  X()00. 
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enamel  has  been  formed,  a  condition  that  may  be  more  severe  in  some 
locations  than  in  others,  resulting  in  the  characteristic  pits  or  grooves 
of  h>"poplasia.  In  rat  8215  (lot  6)  lack  of  function  of  ameloblasts  was 
so  extreme  that  enamel  is  lacking  in  several  regions.  Microscopical 
findings,  with  respect  to  severity  of  the  effect  of  F  in  the  diets,  are 
confirmatory  of  microscopical  findings  in  table  4.  Dentin  shows 
h\"poplastic  changes  which  parallel  in  severity  those  of  enamel,  and 
are  manifested  as  increase  in  thickness  of  predentin,  accentuation  of 
incremental  lines,  and  presence  of  interglobular  dentin. 

CONCLUSIONS 

1.  Effects  of  diets  containing  additions  of  F,  on  teeth  of  suine  and 
rats,  were  e\ddenced  by  h^'poplasia  of  enamel  and  dentin. 

2.  The  severity  of  the  hypoplasia  was  proportional  to  the  amount  of 
F  ingested,  and  varied  according  to  the  form  in  which  the  F  was  added 
to  the  diet. 

3.  In  dosages  of  equivalent  F-contents,  CaF2  produced  the  least  and 
XaF  the  greatest  deleterious  effects  on  teeth.  Rock  phosphate  and 
phosphatic  limestone  produced  similar  effects  intermediate  in  degree 
between  those  of  CaF2  and  X"aF. 

4.  No  significant  departure  from  normal  sizes  or  proportions  were 
found  in  skulls  of  rats  on  diets  containing  high  levels  of  F. 

5.  The  mandibles  of  suinc  on  diets  containing  rock  phosphate  or 
XaF  exhibited  material  increase  in  thickness,  and  also  in  the  size  of 
medullary  spaces. 

6.  Coincident  with  increase  in  thickness  of  the  mandibles,  in  swine, 
there  was  increase  in  width  of  the  dental  arch. 
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SPECTROSCOPIC  DETERMINATION  OF  FLUORINE  IN 
BONES,  TEETH,  AND  OTHER  ORGANS,  IN  RELATION 
TO  FLUORINE  IN  DRINKING  WATER 

C.  H.  BOISSEVAIN,  M.D.,  and  W.  F.  DREA,  D.M.D. 

Laboratory  of  the  Colorado  Foundation  for  Research  in  Tuberculosis  at  Colorado  College, 

Colorado  Springs,  Colo. 

The  recorded  values  for  proportions  of  fluorine  (F)  in  bones,  teeth, 
and  other  parts  show  very  large  differences.  For  bone,  the  amounts 
vary  from  50  parts  per  million  (1)  to  3200  p.p.m.  (2);  for  teeth,  from 
50  (1)  to  13,600  (3);  for  fossil  bones,  from  4000  to  19,000  (4);  for 
other  organs:  from  lung  at  2.2  to  spleen  at  23.5  (5).  It  has  lately 
been  found  that  F  occurs  in  considerable  amounts  in  drinking  water 
in  some  regions  of  the  United  States,  but  in  other  regions  is  absent 
(6,  7,  8).  Where  drinking  water  contains  at  least  1  p.p.m.  of  F, 
mottled  enamel  develops.  This  well  known  condition  is  apparently 
identical  with  that  produced  by  McCollum,  Simmonds,  Becker,  and 
Bunting  (9),  and  by  McClure  and  Mitchell  (10),  by  administering  F 
to  rats.  Smith,  Lantz,  and  Smith  have  found  in  animals  that  F  in 
drinking  water  is  probably  the  causal  factor  (11).  McKay  demon¬ 
strated  the  relationship  between  mottled  enamel  in  human  beings  and 
drinking  water  containing  excessive  amounts  of  F  (12).  F  produces 
this  lesion  only  if  ingested  during  the  period  when  teeth  are  being 
formed.  Possibly  F  acts  by  inhibiting  the  activity  of  bone  phos¬ 
phatase,  which  is  particularly  sensitive  to  the  influence  of  small 
amounts  of  F,  as  suggested  by  one  of  us  (8).  Possibly  F  induces 
change  in  the  chemical  composition  of  enamel,  thereby  causing  the 
extreme  variation  in  values  given  for  F  by  different  authors.  How¬ 
ever,  these  variations  are  probably  due  largely  to  the  difficulties  in 
determining  F. 

To  decide  whether  F  in  drinking  water  affects  composition  of  teeth, 
bones,  and  other  organs,  we  analyzed  a  number  of  specimens  from 
persons  who  had  always  lived  in  Colorado  Springs,  where  the  drink- 
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ing  water  contains  2.0  p.p.m.  of  F,  and  compared  the  data  with  results 
for  persons  from  eastern  towns,  where  the  drinking  water  contains  no 
detectable  amounts  of  F. 

Methods.  The  spectroscopic  method  can  be  used  for  the  quantitative 
estimation  of  F.  The  intensity  of  the  CaF2  band  at  5291  Angstrom  units 
in  the  arc  spectrum  of  analyzed  specimens  was  compared  with  those  of 
standards,  containing  known  amounts  of  F,  consisting  of  a  mixture — 
“sjTithetic  bone-ash” — having  the  following  percentage  composition: 
CasPaOg,  88;  Mg3P208,  1.5;  CaCOs,  10.2;  CaCb,  0.30.  The  first  three  salts 
w'ere  thoroughly  mi.xed  and  ignited,  and  then  moistened  with  solution  con¬ 
taining  various  amounts  of  NaF  to  make  the  percentage  of  F  in  successive 
portions  0.01,  0.025,  0.05,  0.1,  0.2,  0.4,  0.8,  1.6.  Sufficient  CaCb  solution 
was  then  added  to  change  the  NaF  into  CaF2,  and  to  leave  the  amount  of 
free  CaCb  in  the  synthetic  bone-ash  equal  to  0.30  percent.  Of  the  sub¬ 
stance  to  be  examined,  or  of  the  standard,  10  mgm.  were  placed  in  a  small 
cavity  in  the  top  of  a  graphite  rod  used  as  the  lower  and  positive  electrode, 
the  upper  electrode  being  of  carbon.  Fifty  seconds  of  12-ampere  current 
were  required  to  volatilize  bone-ash  completely.  The  spectrum  thus  ob¬ 
tained  was  recorded  by  a  Hilger  quartz-spectrograph  on  Eastman  spectro¬ 
scopic  plates  of  type  III-H  and  IV-F.  The  spectrum  of  each  50-second 
burn  (from  beginning  of  arcing)  w'as  recorded  in  five  exposures  of  10  seconds 
each,  by  moving  the  plate  1  mm.  upward  every  10  seconds.  Slit  length 
was  1.5  mm.  to  permit  spectra  to  overlap  partially,  and  thus  provide  the 
advantage  of  recording  two  different  densities  for  each  period.  Because 
of  irregularity  in  appearance  of  the  CaF2  band,  this  serial-study  method  is 
considerably  more  sensitive  than  one  exposure  of  50  seconds;  CaF2  can  be 
readily  detected  by  it  in  the  presence  of  0.0025  mgm.  of  F,  or  0.025  percent 
of  10  mgm.  of  the  standard  mixtures.  On  some  plates  the  band  could  be 
detected  in  the  presence  of  only  0.001  mgm.  of  F,  The  band  was  always 
absent  when  the  synthetic  bone-ash,  with  no  NaF  added,  was  arced.  After 
preliminary  examination  had  shown  the  approximate  amount  of  contained 
F,  final  exjx)sure  was  made  on  plates  having  recorded  standards  containing 
approximately  the  ex{)ected  amount  of  F.  If  the  sample  contained  more 
than  1.6  percent  of  F,  it  was  diluted  with  synthetic  bone-ash. 

Whenever  possible,  spectroscopic  determinations  were  checked  by  chemi¬ 
cal  determinations  on  the  same  samples.  F  was  volatilized  as  hydro- 
fluosilicic  acid,  with  glass  pearls  and  perchloric  acid,  according  to  the 
method  of  Willard  and  Winter  (11).  F  in  the  distillate  was  estimated 
colorimetrically  by  Steiger’s  titanium-sulphate  method  (12),  which  had 
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given  us  uniformly  good  results  in  hundreds  of  determinations  of  F  in 
drinking  water.  If  NaF  is  added  to  a  “blank”  sample,  about  95  percent 
can  be  recovered  by  this  method.^  Results  of  the  chemical  and  spectro¬ 
scopic  methods  agreed  only  when  the  sample  dissolved  readily  in  perchloric 
acid.  When  it  was  necessary  to  fuse  the  sample  to  obtain  solution,  con¬ 
siderable  losses  of  F  occurred,  which  could  be  held  at  a  minimum,  however, 
by  keeping  the  temperature  at  a  dull-red  during  the  burning  of  the  organic 
material.  Some  loss  owing  to  this  cause  is  bound  to  occur,  however,  in 
every  chemical  method  for  F.  We  believe  the  higher  values  of  the  spectro¬ 
scopic  method  are  the  more  accurate. 

Teeth.  Table  1  compares  teeth  of  persons  who  lived  all  their  lives 
in  Colorado  Springs,  where  the  water  contains  an  average  of  2.0  p.p.m. 
of  F,  with  teeth  of  individuals  living  in  New  York  City,  where  the 
drinking  water  is  free  from  F.  The  small  amount  of  material  re¬ 
quired  for  spectroscopic  analysis  made  it  possible  to  determine  F  in 
both  enamel  and  dentin  in  each  tooth.  The  larger  amount  required 
for  chemical  determination  made  it  necessary  in  each  case  to  analyze 
the  entire  tooth,  not  enough  enamel  being  obtainable  for  a  separate 
analysis. 

No  F  could  be  detected  in  enamel  of  teeth  from  New  York  City, 
while  dentin  contained  an  average  of  0.068  percent.  Enamel  of 
inhabitants  of  Colorado  Springs  contained  an  average  dif  0.065  percent 
of  F;  dentin,  0.112  percent.  Chemical  analysis  of  the  entire  tooth 
gave  0.063  percent  for  New  York,  0.094  for  Colorado  Springs.  Teeth 
from  Colorado  Springs  contained  between  50  and  100  percent  more  F 
than  those  of  New  York  City.  The  ditl'erence  for  enamel  is  partic¬ 
ularly  interesting  because  mottled  enamel  occurs  in  Colorado  Springs 
but  not  in  New  York. 

Bones.  Table  2  shows  differences  in  amounts  of  F  in  bones.  Bones 
from  residents  of  Colorado  Springs  show  five  times  more  F  than  teeth, 
and  six  times  more  than  bones,  from  persons  in  the  eastern  part  of 
the  United  States.  The  same  is  apparently  true  for  bones  of  animals. 
Commercial,  steamed  bone-meal  may  be  regarded  as  a  fair  repre¬ 
sentative  of  the  composition  of  cattle  bones  in  a  region  where  the  F 
content  of  water  is  low  or  absent.  The  whale  is  an  excellent  example 
of  an  animal  using  water  containing  F,  as  the  ocean  contains  1.2  p.p.m. 

I  Amounts  of  F  as  low  as  0.1  mgm.  can  be  detected  by  this  method. 
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(13).  Commercial  bone-meal  contains  0.01  percent  of  F;  ash  of  a 
whale  vertebra,  between  0.48  (chemical)  and  1.2  (spectroscopical). 


TABLE  1 

Percentage  of  F  in  ash  of  teeth,  etiamd,  and  root  substance  in  relation  to  F  in  drinking  water 


TOOTH  OB  PORTION 

LOCALITY 

PERCENTAGE  OF  FLUORINE 

WATER 

Spectro- 

scopicah 

Chemical 

F:p.p.m. 

Enamel  1 

New  York  City 

0.025 

0.0 

Root  1 

New  York  City 

0.060 

0.0 

Enamel  2 

New  York  City 

0.025 

0,0 

Root  2 

New  York  City 

0.068 

0.0 

Enamel  3 

New  York  City 

0.025 

0.0 

Root  3 

New  York  City 

0.068 

0.0 

Enamel  4 

Colo.  Spgs.,  last  three 
years;  Atlantic  sea¬ 
board  previously 

0.025 

2.0  last  three  years; 
before,  0.0 

Root  4 

Colo.  Spgs.,  last  three 
years;  Atlantic  sea¬ 
board  previously 

0.074 

2.0  last  three  years; 
before,  0.0 

Enamel  5 

Four  years  in  Col.  Spgs.; 
New  York  City  pre¬ 
viously 

0.025 

2.0  last  four  years; 
before,  0.0 

Root  5 

Four  years  in  Col.  Spgs.; 
New  York  City  pre¬ 
viously 

0.070 

2.0  last  four  years; 
before,  0.0 

Enamel  8* 

Colorado  Springs 

0  095 

2.0 

Root  8 

Colorado  Springs 

0.148 

2.0 

Enamel  9* 

Colorado  Springs 

0  070 

2.0 

Root  9 

Colorado  Springs 

0.105 

2.0 

Enamel  10® 

Colorado  Springs 

0  056 

2.0 

Root  10 

Colorado  Springs 

0,108 

2  0 

Enamel  11* 

Colorado  Springs 

0  040 

2.0 

Root  11 

Colorado  Springs 

0.085 

2.0 

Entire  12 

New  York  City 

0.0 

Entire  13 

Colorado  Springs 

2  0 

Entire  14 

Colorado  Springs 

Hi 

2,0 

*  In  eax:h  case  the  value  was  less  than  the  figures  indicate. 

*  M ottled  enamel. 


Teeth  and  bones  of  some  fossil  animals,  which  gave  much  higher 
values  for  F  (up  to  3.5  percent),  will  be  fully  reported  elsewhere. 

Other  organs.  We  were  unable  to  detect  F  in  ash  from  liver,  spleen, 
kidney,  thyroid,  heart,  and  lung  of  the  same  individuals  from  Colorado 
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Springs  whose  ribs  had  been  analyzed,  and  who  throughout  their 
lives  drank  water  containing  F.  As  we  are  able  to  detect  0.01  percent 
of  F,  and  these  organs  yield  about  1  percent  of  ash,  it  is  evident  that 
liver,  spleen,  kidney,  thyroid,  heart,  and  lung  of  these  individuals 
contained  less  than  1  p.p.m.  of  F — if  any. 

Excreta.  Practically  all  ingested  F  is  eliminated  in  urine  and  feces 
corresponding  approximately  to  their  water  content.  F  was  not 
found  in  human  saliva,  nor  in  cow  milk.  The  latter  finding  suggests 


TABLE  2 

Percentage  of  F  in  bone  ash  in  relation  to  F  in  drinking  water 


BONE 

LOCAUTY 

PERCENTAGE  OF 
FLUORINE 

WATER 

Spectro- 

scopical 

Chemical 

F:  p.p.m. 

Rib  (human) . 

Col.  Spgs.  (40  yr.)* 

M 

III’ 

2.0 

Rib  (human) . 

Cripple  Creek  (15  yr.) 

III 

2.0 

Rib  (human) . 

Col.  Spgs.  (20  yr.)* 

wsm 

mSm 

2.0 

Rib  (human) . 

Col.  Spgs.  (40  yr.)* 

0.6 

in 

2.0 

Rib  (human) . 

New  York  City  (?) 

0.03 

0.01 

0.0 

Humerus  (human) . 

Washington,  D.  C. 

0.15 

0.1 

0.0 

Tibia  (human) . 

Washington,  D.  C. 

0.05 

0.02 

0.0 

Toe  (human) . 

Washington,  D.  C. 

0.30 

0.16 

0.0 

Commercial  bone-meal . 

Chicago,  Ill. 

0.01 

0.00 

Whale . 

1.2 

0.48 

1.2 

Squirrel . 

Central  Pk.,  N.  Y.  C. 

0  01 

0.00 

0.0 

Chipmunk . 

Col.  Spgs. 

0.11 

2.0 

Cow . 

Cripple  Creek 

0.3 

0.14 

2.0 

Rock  squirrel . 

Col.  Spgs. 

0.15 

2.0 

*  “Col.  Spgs”  is  an  abbreviation  for  Colorado  Springs,  Colo.  The  numeral  for  years 
refers  to  the  number  of  last  previous  years  of  residence. 


an  excellent  partial  substitute  for  water  for  young  children  to  prevent 
mottled  enamel  in  regions  where  the  water  contains  more  than  1  p.p.m. 
of  F. 

Summary.  The  average  percentages  of  F  in  enamel  and  dentin 
for  persons  living  in  Colorado  Springs,  where  the  water  contains 
2  p.p.m.  of  F,  are  0.065  and  0.112  respectively;  for  persons  resident 
in  New  York  City,  0.00  and  0.068. 

The  average  percentage  of  F  in  human  bones  from  Colorado  Springs 
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was  0.7  (spectroscopical)  or  0.27  (chemical);  from  the  region  east  of 
the  Appalachian  Mountains,  0.13  (spectroscopical)  or  0.07  (chemical). 

The  percentage  of  F  in  animal  bones  also  corresponds  with  that  of 
the  water  used;  of  fossil  bones  it  is  much  higher  (up  to  3.5). 

No  organ  other  than  bones  and  teeth  was  found  to  contain  F. 
Ingested  F  leaves  the  body  in  urine  and  feces.  No  F  could  be 
demonstrated  in  milk  or  saliva. 

We  are  indebted  to  Dr.  F.  S.  McKay,  of  New  York  City,  for  teeth 
from  New  York;  to  Dr.  J.  T.  Coghlan,  County  Coroner,  for  his  co¬ 
operation  in  obtaining  specimens  from  Colorado  Springs. 
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OBSERVATIONS  ON  TEETH  OF  CHINESE 


G.  A.  MONTELIUS,  M.A.,  D.D.S. 

Division  of  Dental  Surgery,  Department  of  Surgery,  Peiping  Union  Medical  College, 
Peiping,  China 

The  following  report  records  observations  in  North  and  South 
China  during  1930-1933.‘  The  individuals  studied  were  mostly 
students,  although  a  few  hundred  soldiers  and  industrial  workers  were 
included.  The  student  groups  comprised  the  male  freshmen  who 
qualified  for  Tsing  Hua  and  Yenching  Universities,  Peiping,  in  the  fall 
of  1930,  and  a  similar  group  of  female  students  at  Yenching  Univer¬ 
sity  in  1931.  Additional  observations  were  made  at  Ch’en  Kwang 
Normal  School,  Y.  M.  C.  A.  School,  and  Yin  Ton  Military  School, 
Canton;  Foochow  Law  School,  and  Wa  Nan  College  for  Women, 
Foochow;  and  Anglo-Chinese  College,  Amoy.  Industrial  workers 
were  examined  at  a  large  rug  factory  in  Peiping,  and  at  the  Foochow 
Electric  Company,  Foochow;  boatmen  and  rivermen,  at  Canton  and 
Foochow;  and  soldiers  from  the  well  known  Nineteenth  Route  Army 
(Kwantung).  A  total  of  4,474  individuals  were  examined.  This 
number,  statistically,  is  not  a  large  sample  of  the  400,000,000  com¬ 
prising  the  Chinese  population.  Nevertheless,  it  is  large  enough  to 
render  significant  the  descriptions  of  the  anatomical  findings  in  some 
portions  of  the  population.  The  examinations  included  observations 
on  morphology  of  the  dentition  as  well  as  on  pathological  conditions  of 
teeth  and  gums.  The  individuals  included  in  this  study  came  from 
twenty-five  provinces  in  China;  predominantly  from  Kwantung  and 
Fukien.  Table  1  details  the  distribution  according  to  province  and 
age;  table  2,  according  to  sex,  race,  and  occupation. 

*  My  thanks  are  due  to  many  individuals  who  helped  to  arrange  or  facilitate  this  work, 
among  whom  should  be  mentioned  particularly  Dr.  B.  L.  L.  Learmonth,  Yenching  Uni¬ 
versity;  Dr.  Frank  Oldt,  Canton  Hospital;  General  Tao,  Yin  Ton  Military  School;  Dr. 
T.  C.  Lieu,  Foochow  Hospital;  Prof.  Robert  Tully,  Anglo-.\merican  College,  Amoy;  and 
Dr.  I.  C.  Yuan,  Statistical  Laboratory,  Department  of  Public  Health,  Peiping  Union 
Medical  College.  I  express  my  gratitude,  also,  to  Mrs.  Anne  Montelius  for  her  valuable 
assistance  in  recording  the  data  of  this  investigation. 
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Shovel-shaped  teeth.  The  Chinese  dentition  is  specially  interesting 
from  a  morphologic  point  of  view.  A  very  high  percentage  of  the 
population  has  the  so-called  “shovel-shaped  incisors”  (1).  In  this 
condition,  by  a  folding  of  the  mesial  and  distal  surfaces,  the  tooth  on 
the  lingual  surface  resembles  a  shovel.  In  my  observations  on  the 


TABLE  1 


Distribution  of  Chinese  examined:  province  and  age 


ACCOKDING  TO  PBOVINCE 

ACCORDING  TO  AGE 

Province 

B 

Province 

B 

Province 

m 

Age 

No. 

Age 

No. 

Anhwei 

46 

Jehol 

5 

Shantung 

153 

5-  9 

94 

45-19 

m 

Charhar 

3 

Kansu 

5 

Shensi 

14 

■uSEJI 

436 

19 

Chekiang 

99 

Kiangsi 

39 

Sinkiang 

1 

i  15-19 

n 

55-59 

11 

Fukien 

1481 

Kiangsu 

100 

Suiyuan 

6 

1445 

60-64 

4 

Heilung- 

20 

Kirin 

47 

Szechuan 

54 

25-29 

362 

65-69 

4 

kiang 

Kwangsi 

83 

Yunnan 

6 

113 

70-74 

1 

Honan 

112 

Kwangtung 

1212 

Various 

14 

35-39 

74 

Unknown 

35 

Hopei 

757 

Kweichow 

14 

Unknown 

6 

48 

Total 

4474 

Hunan 

35 

Liaoning 

54 

Total 

4474 

Hupeh 

34 

Shansi 

74 

TABLE  2 


Distribution  of  Chinese  examined:  sex,  race  and  occupation 


Sex 

Male 

3680 

Female 

794 

4474 

Race 

Chinese 

4466 

Uncertain 

8 

4474 

Students 

2953 

Soldiers 

545 

Occupation 

Rug  weavers 

347 

Others 

627 

No  occupation 

2 

4474 

Ankara  and  Hopi  American  Indians  (2),  I  found  this  condition,  on 
all  six  upper  anterior  as  well  as  lower  anterior  teeth,  in  a  high  percentage 
of  individuals.  Hrdlicka  found  shovel-shaped  teeth  among  not  only 
American  Indians,  but  also  other  Mongoloid  peoples.  High  frequency 
of  such  incisors  among  Chinese  is  shown  by  the  fact  that,  of  4466 
individuals  examined  for  this  condition,  it  was  found  in  one  or  more 
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upper  anterior  teeth  in  3520  (79  percent).  Among  the  remaining  946 
individuals  there  were  (a)  probably  some  who  had  possessed  shovel¬ 
shaped  incisors  which  already  had  been  lost,  or  (b)  in  whom  excessive 
abrasion  of  upper  anteriors,  caused  by  abnormal  degrees  of  overbite 
had  left  the  condition  indeterminable;  and  (c)  those  in  whom  the 
shovel-shaped  form  had  never  developed.  It  is  probable,  therefore, 
that  the  actual  incidence  of  shovel-shaped  incisors  was  somewhat 
higher  than  79  percent.  One  is  forced  to  conclude  that  the  shovel¬ 
shaped  pattern  is  a  racial  trait  among  Chinese. 


TABLE  3 

Frequency  of  mottled  and  chalky  enamel 
Mottled  enamel 


DEGREE 

PERCENT 

REGIONS 

1 

2 

3 

4 

T 

None 

n 

D 

D 

4 

T 

None 

South  China:  No.  of  persons . 

99 

4 

0 

0 

[Q 

3.1 

.1 

0 

m 

3.2 

96.8 

North  China:  No.  of  persons . 

165 

27 

11 

5 

13.0 

2.2 

.9 

A 

16.6 

83.4 

Total . 

264 

31 

11 

5 

311 

4143 

5.9 

.7 

.2 

.1 

Chalky  enamel 


South  China:  No.  of  persons . 

70 

5 

3 

0 

78 

3126 

2.2 

.2 

.1 

0 

2.4 

97.6 

North  China:  No.  of  persons . 

122 

27 

11 

3 

163 

1087 

9.8 

2.2 

.9 

.2 

13.0 

87.0 

Total . 

192 

32 

14 

3 

241 

4213 

4.3 

.7 

.3 

.ll 

5.4 

94  6 

Cusps  on  second  loioer  molar.  Another  important  morphological 
aspect  having  racial  as  well  as  evolutional  significance  is  the  pattern 
of  the  lower  second  molar.  In  the  white  race,  this  tooth  carries  four 
cusps;  among  Chinese,  however,  it  usually  has  five,  although  variation 
in  number  and  size  of  cusps  is  not  infrequent.  Five  cusps  occurred  in 
56  percent  of  the  individuals  examined;  four  cusps,  in  about  20  percent; 
a  combination  of  four  and  five  cusps,  in  the  same  individual,  in  about  5 
percent.  The  four-cusped  tooth  appeared  on  either  left  or  right  side. 
Sex  difference  is  being  checked  and  will  be  published  later.  The 
cause  or  causes  of  the  four-and-five  cusp  pattern  in  the  same  individual 
is  a  perplexing  problem.  It  is  possible  that  the  fifth  cusp  is  disappear¬ 
ing;  in  many  this  cusp  was  small;  that  it  has  reached  the  zenith  of  its 
development  among  Chinese,  and  is  now  decreasing  in  size,  is  not 
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improbable.  Since  20  percent  of  the  individuals  examined  showed 
four  cusps  on  both  lower  second  molars,  it  is  possible  that,  in  the  more 
or  less  remote  future,  the  fifth  cusp  will  have  completely  disappeared 


TABLE  4  (Right  side  of  dental  forniuIa)> 

Frequency  of  caries  according  to  type  and  location  of  tooth  on  right  side;  in  4,474  Chinese 


CONDITION* 

TOTAL* 

Individual  teeth  present . 

1851 

4245 

4428 

4355 

4379 

4361 

ii!IS 

4426 

Carious  teeth;  no . 

153 

613 

99 

92 

14 

53 

Caries  of  individual  teeth:  % . 

8.3 

14.4 

14.5 

2.3 

2.1 

0.3 

1.2 

Carious  teeth  indicated  for  extraction: 

no . 

23 

14 

69 

11 

14 

3 

1 

6 

141 

Carious  teeth  indicated  for  extraction: 

% . 

15.1 

2.3 

rola 

11.1 

15.2 

21.4 

1.9 

4.6 

7.9 

Missing  teeth  (unerupted,  extracted,  or 

congenitally  absent) :  no . 

2623 

229 

m 

119 

95 

113 

66 

48 

3339 

Dental 

I 

■ 

6 

4 

■ 

2 

1 

Formula 

■ 

■ 

6 

■ 

4 

■ 

2 

1 

Individual  teeth  present . 

1903 

4217 

4245 

4334 

4379 

4391 

4447 

4455 

Carious  teeth :  no . 

283 

1455 

1303 

154 

38 

4 

8 

9 

Caries  of  individual  teeth:  % . 

14.9 

34.5 

30.7 

3.6 

0.9 

0.09 

Inw 

■nEI 

10.1 

Carious  teeth  indicated  for  extraction: 

no . 

26 

37 

198 

13 

5 

3 

1 

m 

283 

Carious  teeth  indicated  for  extraction: 

% . 

9.2 

2.5 

10.8 

8.4 

13.2 

75.0 

12.5 

m 

8.7 

Missing  teeth  (unerupted,  extracted,  or 

congenitally  absent) :  no . 

2571 

257 

229 

140 

95 

83 

27 

19 

3421 

'  Grand  total  (right  and  left  sides) — 129,634  teeth  present;  9,923  teeth  carious  (see 
the  table  on  the  opposite  page). 

*  Conditions  of  the  upper  teeth  are  shown  above  the  double  horizontal  line;  conditions 
of  the  lower  teeth,  below  that  line. 

*  The  grand  total  for  each  item,  on  both  sides  of  the  dental  formula,  is  given  in  the  last 
colunjn  on  the  opposite  page. 


among  Chinese.  Of  4466  presumably  pure  Chinese,  the  number  of 
cusps  on  the  lower  second  molar  in  810  could  not  be  determined; 
sometimes  excessive  caries  or  abrasion  made  the  number  indeter¬ 
minate;  or  the  tooth  was  unerupted,  or  had  been  extracted. 

Sullivan  (3)  described  a  variation  in  number  of  cusps  on  the  second 
lower  molar  among  Tarascan  Indians  of  Mexico,  but  I  believe  the  four- 
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and-five-cusp  combination  in  the  same  individual  is  reported  here  for 
the  first  time  as  occurring  among  Chinese.  It  is  possible,  as  suggested 
above,  that  the  fifth  cusp  on  the  Chinese  lower  second  molar  is  dis- 


TABLE  4  (Left  side  of  dental  formula)' 

Frequency  of  caries  according  to  type  and  location  of  tooth  on  left  side;  in  4,474  Chinese 


CONDmON* 

TOTAL 

GKAND 

TOTAL* 

Individual  teeth  present . 

4435 

a 

4368 

4379 

4363 

4424 

4237 

1859 

32466 

64919 

Carious  teeth:  no . 

119 

64 

14 

mm 

94 

626 

639 

147 

3598 

Caries  of  individual  teeth:  % . 

2.7 

1.5 

Big 

2.3 

2.2 

14.2 

15.1 

7.9 

5.5 

Carious  teeth  indicated  for  extrac- 

tion:  no . 

3 

3 

3 

13 

14 

87 

13 

21 

157 

298 

Carious  teeth  indicated  for  extrac- 

tion:  % . 

2.5 

4.7 

21.4 

13.0 

14.9 

13.9 

14.3 

8.7 

8.3 

Missing  teeth  (unerupted,  extracted 

or  congenitally  absent) :  no . 

39 

73 

mm 

95 

111 

237 

2615 

3326 

6665 

Dental 

1 

2 

3 

■ 

5 

6 

7 

8 

Formula 

1 

2 

3 

■ 

5 

6 

7 

8 

Individual  teeth  present . 

4460 

4454 

4390 

4378 

H 

4237 

4213 

1882 

32344 

64715 

Carious  teeth:  no . 

11 

8 

5 

29 

[eqS 

270 

Mm 

6325 

Caries  of  individual  teeth:  % . 

0.2 

0.2 

0.1 

0.7 

28.5 

33.4 

14.3 

9.5 

9.8 

Carious  teeth  indicated  for  extract- 

tion:  no . 

3 

2 

2 

8 

22 

Boia 

46 

23 

312 

595 

Carious  teeth  indicated  for  extrac- 

tion:  % . 

27.3 

25.0 

40.0 

27.6 

16.9 

17.0 

3.3 

8.5 

9  4 

Missing  teeth  (unerupted,  extracted 

or  congenitally  absent) ;  no . 

14 

22 

84 

96 

144 

237 

261 

2592 

6871 

‘  Grand  total  (right  and  left  sides) — 129,634  teeth  present;  9,923  teeth  carious. 

*  Conditions  of  the  upper  teeth  are  shown  above  the  double  horizontal  line;  conditions 
of  the  lower  teeth,  below  that  line. 

*  The  grand  total  for  each  item,  in  this  column,  is  that  for  both  sides  of  the  dental 
formula  (see  the  table  on  the  opposite  page). 

appearing;  and  that  its  failure  to  appear  on  one  side  only  accounts  for 
associated  dental  asymmetry. 

Occlusion.  Overbite — a  condition  in  which  upper  anterior  teeth 
reach  beyond  lower  incisors — predominates,  varying  from  mild  to 
excessive  degrees.  Many  cases  were  accompanied  by  over  jet  of  the 
six  upper  anterior  teeth.  High  frequency  of  overbite  is  evidenced  by 
the  fact  that  of  4466  individuals  examined,  3991  (89  percent)  had  it. 
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End-to-end  bite  occurred  in  257  cases  (6  percent).  Only  20  individ¬ 
uals  showed  protrusive  bite  in  occlusion.  In  198  individuals,  style 
of  bite  was  not  recorded.  These  w'ere  individuals  in  whom  either 
the  upper  or  lower  anterior  teeth  were  lost,  or  from  whom  it  was  im¬ 
possible  to  secure  cooperation. 

Occlusal  abrasion.  Among  other  races  it  is  unusual  to  find  as  much 
occlusal  abrasion  in  the  molar  region  as  was  revealed  by  this  examina- 

TABLE  5 


Frequency  of  caries  according  to  five-year  age-groups 


CASIOCS  teeth:  no. 

INDIVIDUALS 

EXAMINED 

PERCENTAGE 

AOE  GKOCP 

■1 

Total 

■1 

Total 

1-4 

■ 

10+ 

With 

caries 

Without 

caries 

■ 

10+ 

With 

caries 

With¬ 

out 

caries 

5-  9 

15 

0 

0 

15 

79 

16.0 

0 

0 

16.0 

84.0 

10-14 

200 

55 

7 

262 

174 

45.9 

12.6 

1.6 

60.1 

39  9 

15-191 

792 

353 

57 

1202 

606 

43.8 

19.5 

3.2 

66.5 

33.5 

20-24 

587 

215 

25 

827 

618 

40.6 

14  0 

1.7 

57.2 

42.8 

25-29 

116 

48 

5 

169 

193 

32.0 

13.2 

1.4 

46.7 

53.3 

30-34 

39 

10 

0 

49 

64 

34.5 

8.8 

0 

43.4 

56.6 

35-39 

23 

14 

1 

38 

36 

31.1 

18.9 

1.4 

51.3 

48.7 

40-44 

20 

7 

0 

27 

21 

41.7 

14.6 

0 

,56.3 

43.7 

45-49 

8 

4 

0 

12 

8 

40  0 

20  0 

0 

60  0 

40.0 

50-54 

5 

1 

0 

6 

13 

26.3 

5  3 

0 

31.6 

68.4 

55-59 

3 

0 

0 

3 

8 

27.3 

0 

0 

27.3 

72.7 

00-64 

1 

1 

0 

2 

2 

25.0 

25  0 

0 

50  0 

50  0 

05-69 

0 

0 

0 

0 

4 

0 

0 

0 

0 

100  0 

70-74 

0 

0 

0 

0 

1 

0 

0 

0 

0 

100  0 

Not  known 

15 

5 

0 

20 

15 

42.9 

14.3 

0 

57.1 

42.9 

lotal . 

1824 

713 

95 

2632 

1842 

40  8 

15.9 

2.1 

58.8 

41.2 

‘  I'he  15-to-19  age  group  shows  the  highest  jK-rcentage  of  caries. 


tion.  This  difference  is  particularly  impressive  from  the  fact  that 
most  individuals  examined  fell  within  the  lO-to-29  age  grou{).  Of  4466 
individuals,  977  showed  occlusal  abrasion  (21  {Xircent). 

Erosion  of  tooth  surfaces  is  not  common  among  Chinese;  it  was 
found  in  only  8  of  4466  individuals  (0.18  percent). 

Irregularity  of  the  teeth  occurred  in  varying  degrees  -in  1473  of  4474 
individuals  (32.9  percent). 
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Mottled  and  chalky  enamel  was  encountered  frequently:  311  individ¬ 
uals  had  mottled  enamel;  241,  chalky  enamel.  Table  3  shows  that  in 
South  China,  of  the  individuals  examined,  3.2  percent  had  mottled 


TABLE  6 

Frequency  of  caries  according  to  sex 


CARIOUS  teeth:  no. 

HALE 

FEMALE 

Individuals 

examined 

Percentage 

Individuals 

examined 

Percentage 

1 

390 

92 

11.6 

2 

440 

120 

15.1 

3 

340 

82 

10  3 

4 

276 

83 

10.4 

5 

190 

52 

6.5 

6 

173 

4.7 

39 

4.9 

7 

91 

2.5 

28 

3.5 

8 

72 

2.0 

19 

2.4 

9 

37 

1.0 

12 

1.5 

10 

22 

0.6 

8 

1.0 

11 

15 

0.4 

8 

1.0 

12 

12 

0.3 

2 

0.3 

13 

9 

0.2 

3 

0.4 

14 

4 

.  0.1 

0 

0  0 

IS 

4 

0.1 

0 

0.4 

16 

3 

0.1 

2 

0.3 

Total  number  of  in- 

dividuals  with  caries. 

2079 

56.5 

553 

69.6 

I'otal  number  of  in¬ 
dividuals  without 

caries . 

1600 

43  5 

241 

30.4 

TABLE  7 

Comparison  of  soldier  and  student  groups:  four  conditions 


CONDITION 

SULUltiHS:  545 

sreuENTs: 

liulividuaU 

examined 

Percentage 

Individuals 

examined 

Percentage 

With 

With¬ 

out 

With 

With¬ 

out 

With 

With¬ 

out 

With 

With¬ 

out 

(iingivitis . 

476 

69 

87.3 

12.7 

2293 

616 

78  0 

22  0 

I'yorrhea . 

121 

424 

22.2 

77.3 

151 

2788 

5.1 

94  9 

Irregularity . 

123 

422 

22  6 

77.4 

1058 

1881 

36  0 

61  0 

Caries . 

2.32 

313 

42  6 

57  4 

1969 

970 

67  0 

33  0 
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enamel;  2.4  percent,  chalky  enamel.  In  North  China,  16.6  percent 
had  mottled  enamel;  13  percent,  chalky  enamel.  This  regional 
difference  cannot  be  due  to  chance.  That  mottled  and  chalky  enamel 
are  endemic  in  certain  districts,  especially  in  North  China,  has  been 
shown  by  Anderson  and  Stevenson  (4),  who  reported  82.6  percent  of 
chalky  enamel,  and  45.5  percent  of  brown  stain,  in  Taiyuanfu,  Shansi. 
The  frequency  of  stained  or  chalky  enamel  varies  greatly  in  different 
localities  even  in  provinces  where  it  is  endemic. 

Calcareous  deposits  are  very  common.  Of  4474  individuals  only 
346  (7.8  f)ercent)  did  not  have  lime  deposits  at  necks  of  teeth. 

Gingivitis  and  pyorrhea  also  occur  with  great  frequency.  Even 
among  the  student  groups,  who  receive  at  least  some  instruction  in  oral 
hygiene,  the  condition  is  prevalent.  Of  4474  individuals  observed, 
only  848  (19.2  percent)  were  free  from  gingivitis;  11.2  percent  had 
pyorrhea. 

Caries.  Table  4  (in  halves)  shows  that  of  permanent  teeth,  129,634 
are  listed  as  having  been  present;  13,536  teeth — including  those 
unerupted,  congenitally  absent  or  extracted — are  listed  as  having 
been  absent.  The  total  number  of  carious  teeth  was  9923  (7.6  per¬ 
cent).  Among  upper  teeth,  “caries  of  individual  teeth:  %”  varied 
from  0.3  percent  to  15.1 — highest  in  the  molar  region;  among  lower 
teeth,  from  0.9  percent  to  34.5.  These  figures  indicate  greater  varia¬ 
tion  among  lower  than  among  upper  teeth,  lower  molars  apparently 
being  most  susceptible,  the  second  showing  the  highest  degree.  This 
is  contrary  to  usual  findings  in  the  white  race,  in  which  the  lower  first 
molar  is  most  susceptible.  The  difference  between  right  and  left 
sides  is  small,  and  probably  has  no  significance.  Table  5  shows  that 
the  15-to-19  age  group  exhibits  the  highest  incidence  of  caries  (66.5 
percent).  The  comparative  value  of  these  figures  is  diminished  some¬ 
what,  however,  because  the  number  of  individuals  in  several  of  the 
earlier  age  groups  is  small,  but  for  which  in  other  races  the  percentage 
of  caries  usually  is  high.  Table  6  indicates  that  sex  is  a  factor  of  some 
significance,  since  frequency  of  caries  is  69.6  percent  for  females,  and 
56.5  percent  for  males — 13.1  percent  higher  in  females. 

Soldier  group  compared  with  students.  Table  7  compares  student 
and  soldier  groups  in  regard  to  frequency  of  occurrence  of  four  con- 
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ditions.  The  soldier  group  showed  higher  percentages  of  gingivitis  and 
pyorrhea.  The  student  group,  higher  percentages  of  irregular  teeth 
and  caries.  Greater  frequency  of  caries  among  students  may  be  due  to 
increased  modernization  of  living  conditions,  as  has  already  been 
suggested  by  Anderson  (5).  Average  incidence  (2.2  teeth  per  individ¬ 
ual)  is  low,  however,  when  compared  with  that  of  freshman  students 
at  the  University  of  Minnesota,  as  recently  reported  by  Brekhus  (6). 
The  association  of  caries  with  irregularity  also  should  be  noted: 
considering  total  number  of  individuals  examined,  analysis  shows  that 
caries  appeared  with  10  percent  greater  frequency  in  individuals  having 
irregular  teeth. 

Summary.  The  dentition  of  4474  Chinese  revealed  high  incidence 
of  shovel-shaped  incisors  and  of  second  lower  molars  bearing  five 
cusps.  Variation  in  number  of  cusps,  of  this  tooth,  on  the  right  and 
left  sides  of  the  same  individual  also  was  noted.  These  conditions 
present  distinct  morphological  differences  between  Chinese  and 
Caucasian  dentitions.  Attention  was  called  to  prevalence  of  gingi¬ 
vitis,  and  to  comparatively  low  incidence  of  caries  (7.6  percent  of  all 
teeth).  The  15-to-19  age  group  showed  highest  percentages  of  dental 
caries — females  higher  than  males,  and  students  higher  than  soldiers. 
Chinese  students,  as  a  group,  showed  almost  25  percent  more  dental 
caries  than  a  soldier  group  in  Canton. 

Room  5412, 

49  West  49th  Street, 

New  York  City 
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WALTER  H.  EDDY,  A.M.,  Ph.D.,  HATTIE  L.  HEFT,  M.S.,  A.M.,  Ph.D., 
SAMUEL  ROSENSTOCK,  B.S.,  and  RUTH  RALSTON,  B.S. 

Department  of  Physiological  Chemistry,  Teachers  College,  Columbia  University, 

New  York  City 

Klein,  Kruse  and  McCollum  (1),  on  the  basis  of  their  findings,  ad¬ 
vanced  the  hypothesis  that  protection  of  intact  enamel  against  solu¬ 
tion  in  caries  may  be  controlled  by  the  amount  of  phosphorus  (P)  in 
saliva,  high  P  being  inhibitive,  low  P  permissive,  of  carious  solution. 
They  suggested  that  salivary  P  is  presumably  controlled  by  P  in  the 
blood,  which  in  turn  is  regulated  by  dietary  factors  such  as  calcium 
(Ca),  P,  and  vitamin  D.  This  hypothesis  is  supported  also  by  recent 
work  of  Agnew,  Agnew,  and  Tisdall  (2),  who  prevented  caries  in  rats 
by  feeding  diets  high  in  P  as  against  100-percent  caries-production 
with  diet  otherwise  identical  but  low  in  P  ;*  also  by  various  reports  of 
beneficial  effects  of  vitamin  D  on  prevention  of  caries  in  human  sub¬ 
jects,  There  is  no  evidence,  however,  in  this  relation,  that  (a)  diet 
can  definitely  change  the  P  content  of  saliva,  and  (b)  that  factors 
affecting  salivary  P  also  affect  the  amount  of  P  in  the  blood.  The 
experiments  reported  in  this  paper  were  devised  to  determine  the  facts 
in  these  relationships. 

Experimental  data.  Determinations  of  P  in  saliva  of  caries  im- 
munes  and  caries  susceptibles  gave  Karshan,  Krasnow,  and  Krejci 
(3)  the  following  averages:  11.3  ±  1.6  mgms,  of  P  per  100  cc.  for 
immunes;  11.6  db  1.6  for  arrested-caries  cases;  9.9  ±  1.2  for  carious 
individuals.  These  averages,  for  fifteen  individuals  in  each  group  and 
for  samples  at  different  times  from  each  individual,  show  a  lower  aver¬ 
age  amount  of  P  in  saliva  of  the  carious,  but  this  difference  is  slight. 
To  us  it  seemed  possible  that  variation  in  the  same  individual  during 
a  day  might  be  more  significant.  It  is  conceivable  that,  while  aver¬ 
ages  might  differ  only  slightly,  there  are  periods  in  the  day  when  the 

1  See  dissenting  comment  by  Shelling  and  Asher  (8,  pp.  373-74). 
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TABLE  1 

Hourly  variations  in  salivary  phosphate 


TIME 

FIRST  DAY 

SECOND  DAY 

THIRD  DAY 

pH  1  P:  per  100  cc. 

pH  |p;perl00cc. 

pH  [P:perl00cc. 

Subject  R 

mgms. 

mgms. 

mgms. 

9:00  A.M. 

7.4 

8.3 

7.2 

14.6 

7.0 

9:30 

7.0 

10:00 

7.0 

11.8 

7.5 

11.9 

7.3 

Wmm 

10:30 

7.2 

mSSM 

11:00 

7.1 

13.5 

7.4 

10.1 

7.3 

12.1 

11:30 

7.0 

12.3 

12:00 

7.1 

11.8 

7.2 

13.4 

7.1 

11.6 

12:30  P.M. 

7.3 

10.0 

1:00 

7.0 

6.9 

7.1 

12.2 

6.8 

13.7 

1:30 

7.3 

9.3 

2:00 

7.1 

8.0 

7.1 

14.2 

6.8 

13.9 

2:30 

6.9 

12.2 

3:00 

6.9 

8.4 

7.4 

11.1 

7.3 

8.3 

3:30 

7.0 

9.8 

4:00 

7.1 

9.3 

7.4 

9.8 

7.0 

11.4 

4:30 

7.3 

8.2 

5:00 

7.4 

8.8 

7.4 

7.7 

7.2 

11.4 

5:30 

7.1 

9.6 

6:00 

7.2 

9.2 

7.4 

7.9 

mSM 

9.2 

6:30 

WSM 

10.4 

7:00 

7.0 

10.7 

7.3 

8.5 

7.0 

11.8 

7:30 

7.1 

11.3 

8:00 

7.3 

9.3 

7.5 

9.1 

7.2 

10.8 

8:30 

7.1 

8.9 

Subject  H 

9:00  A.M. 

16.6 

6.8 

18.7 

7.3 

13.5 

9:30 

7.5 

15.5 

10:00 

14.7 

7.5 

14.5 

7.3 

16.5 

10:30 

7.4 

15.6 

11:00 

16.4 

7.5 

13.3 

7.5 

17.4 

11:30 

7.6 

14.2 

12:00 

14.5 

7.3 

14.8 

7.5 

15.3 

12:30  P.M. 

7.6 

14.8 

1:00 

7.1 

12.3 

6.9 

14.5 

14.5 

1:30 

mm 

13.2 
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TABLE  1 — Concluded 


TDfE 

FIRST  DAY 

SECOND  DAY 

THIRD  DAY 

pH  1 

P:  per  100  cc.j 

pH  1 

P:  per  100  cc.| 

pH  1 

P:  per  100  cc. 

Subject  H — Concluded 

mgms. 

rngms. 

mgms. 

2:00  P.M. 

6.9 

19.7 

7.1 

17.5 

mSm 

2:30 

3:00 

7.2 

19.8 

7.0 

19.6 

ala 

3:30 

4:00 

6.9 

19.8 

20.0 

18.6 

4:30 

14.3 

5:00 

7.1 

18.6 

19.7 

7.5 

12.9 

5:30 

7.4 

13.0 

6:00 

7.1 

18.5 

17.3 

7.4 

13.2 

6:30 

7.4 

12.5 

7:00 

11.9 

7.7 

12.1 

7:30 

7.3 

14.5 

8:00 

11.3 

7.5 

13.2 

8:30 

■1 

BIH 

7.6 

12.3 

,  Subject  B* 

7  A.M.* 

6.9 

16.5 

7.0 

14.6 

8 

7.1 

12.9 

6.9 

14.4 

9* 

mBm 

15.1 

7.1 

15.8 

10 

15.5 

15.4 

11 

13.0 

15.3 

12 

7.1 

13.9 

14.1 

1  P.M.* 

mSM 

17.5 

14.7 

2 

mtm 

14.0 

^B 

16.7 

3 

12.5 

16.6 

4 

10.8 

7.5 

14.6 

5 

7.0 

13.7 

16.1 

6 

Ha 

15.7 

16.3 

7 

15.4 

14.5 

8* 

7.1 

16.4 

15.0 

9 

mSM 

17.0 

17.0 

10 

17.6 

7.1 

17.0 

11 

Bl 

14.3 

7.5 

14.3 

*  Samples  taken  at  7  A.M.  just  before  brushing  teeth;  at  9  A.M.  just  after  breakfast; 
at  1  P.M.  just  after  lunch;  at  8  P.M.  just  after  dinner. 


TABLE  2 


Influence,  on  salivary  P  and  pH,  of  rapid  ingestion  of  large  quantities  of  different  kinds  of 

carbohydrate 


time:  P.M. 

pH 

P:  PER  100 
cc. 

time:  P.M. 

pH 

P:  PER  100 
CO, 

A.  Quarter  pound  of  candy;  exp. 

2;  subjects:  H  (left)  and  R  (right) 

(1) 

l:15» 

mgms, 

14.8 

(1) 

7.0 

rngms. 

10.0 

(2) 

1:45 

9.8 

(2) 

6.4 

(3) 

2:15 

22.7 

(3) 

6.9 

10.6 

(4) 

2:45 

22.4 

(4) 

7.2 

9.9 

(5) 

3:15 

7.4 

(5) 

7.2 

9.7 

(6) 

3:45 

7.5 

14.8 

(6) 

7.4 

10.9 

(7) 

4:15 

7.4 

17.4 

(7) 

7.3 

10.5 

(8) 

4:45 

7.4 

19.5 

(8) 

7.3 

10.4 

(9) 

5:15* 

7.5 

17.2 

(9) 

7.3 

10.2 

(10) 

5:30 

7.9 

11.1 

7.7 

6.9 

(11) 

5:45 

7.6 

15.9 

(11) 

6.9 

11.3 

(12) 

6:00 

7.5 

15.5 

B.  112  grams  of  farina;  exp.  3;  subjects:  H  (left)  and  R  (right) 


(1) 

2:15* 

n 

MM 

(1) 

16.5 

(2) 

2:45* 

mm 

(2) 

13.7 

(3) 

3:15* 

hI 

14.9 

(3)‘ 

9.6 

(4) 

3:45 

m 

15.5 

(4)‘ 

10.7 

(5) 

4:15 

7.1 

14.7 

(5) 

12.9 

(6) 

4:45 

19.5 

(6) 

14.4 

(7) 

5:15 

18.4 

(7) 

7.2 

12.6 

(8) 

5:45 

17.7 

(8) 

7.3 

12.8 

(9) 

6:15 

18.7 

(9) 

7.1 

16.4 

(10) 

6:45 

mm 

(10) 

7.2 

13.0 

c. 

Bananas;  exp.  4;  subject  H 

(1) 

9:30  (A.M.) 

7.1 

21.1 

(2) 

10:00 

7.2 

19.9 

(3) 

10:30* 

7.5 

14.6 

(4) 

11:00 

7.2 

21.2 

(5) 

11:30 

7.4 

16.6 

(6) 

12:00 

7.4 

17.5 

(7) 

12:30 

7.4 

17.2 

(8) 

1:00  (P.M.) 

7.4 

14.9 

(9) 

1:30 

7.5 

13.8 

(10) 

2:00 

7.3 

17.3 

'  In  this  series,  a  quarter  of  a  pound  of  candy  was  eaten  in  a  10-minute  period  by  each 
subject  just  prior  to  the  1:15  collection.  Another  quarter  pound  was  eaten  by  both 
subjects  just  prior  to  the  5:15  collection.  *  Dry  farina — 112  gms. — weighed  and  cooked. 
*  Subject  H  ate  74.7  grams  of  farina  previous  to  2:45  collection;  37.3  grams  previous  to 
3:15  collection.  ‘Subject  R  ate  84.0  grams  of  farina  previous  to  3:15  collection;  28.0 
grams  previous  to  3 : 45  collection.  •  Subject  H  ate  600  grams  of  banana  previous  to  10 : 30 
A.M.  collection;  360  grama  previous  to  1:30  P.M.  collection. 
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content  of  P  drops  so  low  as  to  permit  temporary  solution  of  enamel. 
While  records  of  pH  changes  during  the  day  have  been  reported,  we 
could  find  no  data  on  hourly  or  half-hourly  changes  in  P.  Our  first 
experiment  aimed  to  secure  such  data  from  human  subjects. 


TABLE  3 

Effects  of  sugar  consumption  on  P,  Ca,  and  pH  of  rat  blood 


TIME  FKOM 

SAT  1 

P:  PER  100  cc. 

Ca:  PER  100  cc.  j 

pH 

SUGAR  EATEN  | 

SUGAR 

INGESTION  TO 

BLEEDING 

A.  Rats  (general  controls) 


18553 

156 

18553a 

963 

161 

Average 

B 

■ 

mgms. 

9.0 

8.3 

BB 

gms. 

minutes 

7.6 

8.6 

7.5 

B.  Rats  fasted  5  days 

959 

5.6 

9.1 

7.5 

960 

5.0 

7.4 

21 

5.1 

7.5 

847 

5.3 

8.5 

7.5 

Average 

5.2 

8.8 

7.47 

C.  Rats  fasted  4  days,  then  allowed  to  eat  sugar  (fasting  control) 


759 

IHSH 

BB 

Trace 

10 

782 

BH 

9.2 

BH 

0.1 

10 

961 

2.0 

10 

788 

BH 

8.8 

7.7 

1.2 

10 

962 

KIH 

7.6 

1.0 

10 

Average 

mm 

7.6 

0.8 

10 

Experiment  1.  Unstimulated  saliva  was  collected  from  three  sub¬ 
jects,  two  female  (B  and  H)  and  one  male  (R)  adults,  at  hourly  in¬ 
tervals,  and  in  certain  cases  half-hourly,  over  a  period  from  breakfast 
to  an  evening  hour  {table  1).  P  was  determined  by  the  Fiske-Sub- 
barow  (4)  method;  pH,  by  the  quinhydrone-electrode  method.  The 
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tests  show  appreciably  greater  variations  in  P  during  a  day  than 
changes  in  pH.  We  next  ascertained  whether  ingestion  of  consider¬ 
able  amounts  of  definite  types  of  food  influenced  the  foregoing  effects. 

Experiment  2.  Two  subjects  ate  within  a  10-minute  period  a  quar¬ 
ter  of  a  pound  of  candy,  then  collected  saliva  at  30-minute  intervals. 
The  analytic  data  are  shown  in  table  2,  A.  In  the  thirty  minutes 
following  ingestion  of  candy,  there  were  marked  decreases  in  P  and 
increases  in  pH — phosphate  was  lowered,  alkalinity  raised.  The 
drop  in  P  was  followed  by  fairly  rapid  recovery;  but  that  this  was  not 
fortuitous  was  demonstrated  by  the  agreement  in  responses  of  the 
two  subjects,  in  repetitions  of  the  tests  on  the  same  day.  Recog¬ 
nizing  that  sugar  is  rapidly  digested  and  absorbed,  W’e  sought  next  to 
determine  whether  a  calorie-equivalent  in  starchy  material  would 
produce  the  same  effect,  and  whether  this  effect  would  be  manifested 
as  quickly  as  that  of  sugar.  Experiments  3  and  4  were  conducted 
to  this  end. 

Experiment  3.  Cooked  farina,  used  as  the  carbohydrate,  was  eaten 
without  added  sugar  or  milk  {table  2,  B).  The  P-lowering  effect  of 
the  candy  was  duplicated,  but  the  drop  was  less  marked,  owing  pre¬ 
sumably  to  the  length  of  time  required  to  digest  and  absorb  the  result¬ 
ing  sugar,  which  for  these  reasons  never  appeared  in  concentrations 
equal  to  those  of  the  sugar  in  the  candy  in  the  first  experiment. 

Experiment  4.  The  results  with  candy  and  farina  were  confirmed  in 
subject  H,  using  bananas  as  the  carbohydrate  {table  2,  C).  Bunting 
(5)  and  many  others  have  concluded  that  sugar  plays  a  role  in  the 
induction  of  caries,  and  that  it  may  accomplish  this  effect  by  favoring 
concentration  of  lactic-acid-forming  bacilli,  but  evidence  of  this  is 
inconclusive.  Possibly  the  influence  of  sugar  on  salivary  P  is  the 
missing  link  in  the  evidence.  At  this  point  we  endeavored  to  ascer¬ 
tain  whether  our  observed  effect  was  due  to  stimulation  of  salivary 
flow,  with  consequent  dilution  of  salivary  P,  or  to  an  influence  on  the 
P  in  the  blood  supplying  the  salivary  glands.  Cannon’s  (6)  researches 
have  shown  that  loss  of  water  in  tissues  is  signalized  by  reduction  of 
saliva,  even  when  there  is  no  anhydremia,  and  bases  his  theory  of  thirst 
on  this  observation.  We  did  not  wish  to  subject  human  subjects  to 
blood  sampling  before  we  had  evidence,  on  animals,  that  sugar  inges¬ 
tion  can  reduce  blood  P.  Bollman  (7)  had  reported  such  an  effect. 
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owing  presumably  to  depletion  of  blood-P  by  sugars  in  the  formation 
of  hexose-phosphate.  Experiment  5  was  devised  to  test  this  point. 

Experiment  5.  We  used  adult  rats  from  our  breeding  colony,  from 
birth  exclusively  on  Sherman’s  Diet  13  (2/3  whole  wheat  and  1/3 
whole-milk  powder,  as  had  been  the  diet  of  their  ancestors  over  many 

TABLE  4 


Influence,  on  salivary  P  and  pH,  of  rapid  ingestion  of  large  quantities  of  protein  or  fatty  food 


TIUE 

pH 

P:  PER 
100  cc. 

Ca:  PER 
100  cc. 

TIME 

pH 

P:  PER 
100  cc. 

Ca:  PER 

100  cc. 

A.  Eggs;  exp.  6;  subject  R 

mgms. 

mgms. 

mgms. 

mgms. 

(1) 

10:00  A.M. 

7.1 

lEB 

(2) 

10:301 

7.6 

mB 

(3) 

11:00 

7.4 

Bil 

(4) 

11:30 

7.3 

11.8 

(5) 

12:00 

7.3 

12.2 

(6) 

12:30  P.M. 

7.3 

10.9 

(7) 

1:00 

7.3 

11.0 

(8) 

1:30 

7.4 

10.8 

(9) 

2:00 

7.3 

11.0 

B.  Cream;  exp.  7;  subjects:  H  (left)  and  R  (right) 


(1) 

9:30  A.M. 

iB 

(1) 

10:00 

7.4 

9.0 

BB 

(2) 

10:00 

HI 

14.4 

(2) 

10:30* 

7.5 

9.1 

(3) 

10:30* 

MB 

15.8 

(3) 

11:00 

7.2 

14.1 

(4) 

11:00 

7.0 

17.3 

(4) 

11:30 

7.4 

10.6 

15.6 

(5) 

11:30 

7.4 

17.5 

15.4 

(5) 

12:00 

7.4 

12.4 

(6) 

12:00 

7.4 

17.7 

(6) 

12:30 

7.4 

11.6 

19.6 

(7) 

12:30  P.M. 

7.4 

17.8 

16.6 

(7) 

1:00 

7.4 

12.6 

(8) 

1:00 

7.4 

17.7 

(8) 

1:30 

7.4 

12.4 

(9) 

1:30 

7.4 

16.3 

(9) 

2:00 

7.4 

12.3 

(10) 

2:00 

7.4 

20.0 

*  Subject  R  ate  235  grams  of  eggs  before  10:30  A.M.  collection. 

*  Subject  H  ate  1  pint  of  cream  before  10:30  A.M.  collection 

*  Subject  R  ate  1  pint  of  cream  before  10:30  A.M.  collection. 


generations).  Fourteen  were  divided  into  three  groups.  The  first 
(control)  group  (five)  were  anesthetized;  blood  from  the  heart  was 
analyzed  for  P,  Ca,  and  pH.  The  second  group  (five)  fasted  for  four 
days,  and  then  were  allowed  to  eat  from  a  supply  of  sugar  what  they 
would  for  a  period  of  about  15  minutes  or  less,  when  the  ingested 
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amount  was  noted,  and  the  rest  removed.  Ten  minutes  later  they 
were  anesthetized;  blood  taken  from  the  heart,  as  in  the  case  of  the 
control  group,  was  analyzed  in  the  same  way.  The  remaining  four 
rats  fasted  for  five  days,  the  time  necessary  to  secure  the  drop  in 
weight  (15  percent)  manifested  by  the  sugar-eating  group;  they  con¬ 
stituted  a  control  for  the  fasting  effect.  They  were  then  anesthetized; 
blood  was  taken  and  analyzed  as  for  the  other  groups.  The  analytic 
data  are  given  in  table  3.  These  results  show  that,  as  reported  by 
Bollman,  sugar  eating  produces  a  consistently  definite  lowering  in 
blood-P  and  rise  in  blood-pH,  with  little  change  in  blood-Ca.  The 
findings  also  support  the  hypothesis  suggested  by  Klein,  Kruse,  and 
McCollum,  that  decrease  in  blood-P  is  one  of  the  factors  causing 
diminished  salivary  P — and  that  dilution  by  flow-stimulation  need 
not  be  the  sole  reason  for  lowering  of  P  in  saliva.  Whether  similar 
conditions  occur  in  human  subjects  is  now  our  concern,  and  tests  to 
this  end  will  be  conducted.  We  add  the  results  of  experiments  to 
determine  whether  salivary  P  is  lowered  by  ingestion  of  proteins  or  fats. 

Experiment  6.  The  effect  of  protein  ingestion  was  studied  by  using 
a  rapid  meal  of  boiled  eggs  (235  gms.).  This  meal  also  had  a  decisive 
temporary  lowering  influence  on  salivary  P  {table  4,  A).  This  result 
was  unexpected,  for  we  believed  that  P  in  the  eggs  might  increase 
rather  than  decrease  salivary  P.  Possibly  the  effect  was  due  to 
dilution  from  flow-stimulation.  To  extend  this  test.  Subject  B  in¬ 
gested  calcium  phosphate  tablets,  which  was  followed  by  increase  in 
salivary  P. 

Experiment  7.  Fat,  in  the  form  of  cream,  failed  to  produce  signifi¬ 
cant  effects  {table  4,  B). 

Summary.  The  chemical  law  of  mass  action,  and  the  fact  that 
tooth  enamel  is  composed  of  Ca3(P04)2,  suggest  that  the  solution 
equation  — Ca3(P04)2— >Ca  +  PO4 —  can  be  arrested  by  surrounding 
the  tooth  with  a  medium  (e.g.,  saliva)  rich  in  PO4  ions,  as  suggested 
by  Klein,  Kruse,  and  McCollum  (1).  It  is  probable,  as  suggested 
by  previous  observers,  that  if  this  is  the  mechanism,  or  one  of  the 
mechanisms  by  which  caries  is  controlled,  it  cannot  be  continuously 
operative,  for  in  that  case  a  person  with  permanently  low  salivary 
phosphate  would  have  severely  eroded  teeth. 

Our  tests  indicate  that  it  is  possible,  by  dietary  means,  temporarily 
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to  reduce  salivary  P  and,  during  this  period,  to  provide  thereby  condi¬ 
tions  favorable  to  solution  of  enamel.  They  indicate  that  salivary  P 
is  (a)  lowered  by  rapid  ingestion  of  sugar,  or  of  less  readily  digested 
carbohydrate,  or  of  protein  food;  (b)  unaffected  by  ingestion  of  fats; 
and  (c)  increased  by  ingestion  of  inorganic  phosphate. 

The  foregoing  data  indicate  that  temporary  changes  in  salivary  P  of 
considerable  magnitude  are  producible  by  changes  in  diet.  The  data 
are  not  offered  as  proof  that  the  defensive  mechanism  postulated  by 
Klein,  Kruse,  and  McCollum  (1)  is  a  factor  in  caries  prevention.  In 
fact,  the  role  of  P  intake  as  affecting  caries  prevention  has  been  re¬ 
cently  challenged  by  Shelling  and  Asher  (8).  The  conditions  neces¬ 
sary  for  enamel  solution  have  been  lately  reported  by  Forbes  (9),  who 
has  indicated  that  the  composition  of  fluid  surrounding  a  tooth  can 
influence  enamel  solution.  In  the  mouth  the  environmental  fluid  is 
saliva,  and  our  studies  indicate,  in  accord  with  the  findings  of  others, 
that  diet  can  influence  the  composition  of  this  secretion. 

REFERENCES  TO  LITERATURE 

(1)  Klein,  H.,  Kruse,  H.  D.,  and  McCollum,  E.  V.  Unpublished  report. 

(2)  Agnew,  M.  C.,  Agnew,  R.  G.,  and  Tisdall,  F.  F.  1933  Jl.  Amer.  Dent.  Assoc., 

20,  193. 

(3)  Karshan,  M.,  Krasnow,  F.,  and  Krejci,  L.  E.  1931  Jl.  Deni.  Res.,  11,  573. 

(4)  Fiske,  C.  H.,  and  Subbarow,  Y,  1925  Jl.  Biol.  Chem.,  66,  375. 

(5)  Bunting,  R.  W.,  Hadley,  F.  P.,  Jay,  P.,  and  Hard,  D,  G.  1930  Amer.  Jl.  Dis. 

Children,  40,  536. 

(6)  Cannon,  W.  B.  The  wisdom  of  the  body;  p.  61  seq.  W.  W.  Norton  and  Co., 

New  York. 

(7)  Bollman,  J.  L.,  Mayo  Clinic.  Personal  communication. 

(8)  Shelling,  D.  H.,  and  Asher,  D.  E.  1933  Jl.  Dent.  Res.,  13,  363. 

(9)  Forbes,  J.  C.  1933  Ibid.,  13,  349. 


FUTURE  OF  THE  JOURNAL  OF  DENTAL  RESEARCH 

WILLIAM  J.  GIES,  F.A.C.D. 

Editorial  Office,  Journal  of  Dental  Research,  New  York  CUy 

Recommendation  by  the  hoard  of  editors.  In  our  issue  for  August, 
1933  (p.  297),  under  the  heading,  “Prospective  change  of  ownership,” 
it  was  stated  that,  “since  1929,  annual  reports  to  the  American  Col¬ 
lege  of  Dentists,  by  its  Commission  on  Journalism,  have  stimulated 
the  interest  of  several  dental  associations  in  the  future  ownership  of 
the  Journal"  and  that  all  the  editors  were  then  studying  in  detail 
“proposals  relating  to  transfer  of  ownership”  as  presented  to  the 
Journal  of  Dental  Research  “by  the  (a)  American  Dental  Association 
(May  22),  the  (b)  International  Association  for  Dental  Research  with 
the  cooperation  of  the  American  College  of  Dentists  and  the  New  York 
Academy  of  Dentistry  (May  26),  and  the  (c)  First  District  Dental 
Society  of  the  State  of  New  York  (June  16).”  In  a  circular  summary 
of  the  expressed  views  of  each  editor  on  these  and  other  proposals,  as 
sent  to  the  editors  (88)  after  a  preliminary  vote  in  June  and  July  and 
two  additional  formal  ballots  begun  in  September  and  October,  respec¬ 
tively,  it  was  stated  (Nov.  14)  that  a  majority  of  the  whole  board 
recommended  that  ownership  be  transferred  to  the  International 
Association  for  Dental  Research.  Our  circular  letter  to  the  editors 
also  included  this  statement:  “The  editors  have  given  earnest  con¬ 
sideration  to  the  many  matters  involved  in  a  solution  of  the  general 
problems  presented  to  them.  Their  active  cooperation,  under  condi¬ 
tions  that  have  tested  their  patience  and  endurance,  is  heartily  appre¬ 
ciated.  I  hope  this  experience  and  its  import  have  given  to  each  editor 
renewed  devotion  to  the  ideals  of  professional  journalism — and  renewed 
devotion,  also,  to  the  particular  purposes  the  Journal  of  Dental  Re¬ 
search  was  founded  to  advance,  and  which  from  the  beginning  the 
Journal  has  served  faithfully,  without  financial  gain  for  any  owner 
and  without  remuneration  for  any  editor.” 

Formal  statement  to  the  International  Association  for  Dental  Research. 
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WILLIAM  J.  GIES 


The  formal  indication  of  our  readiness  to  transfer  ownership  of  the 
Journal  of  Dental  Research  to  the  International  Association  for  Dental 
Research,  in  conformity  with  the  action  stated  above,  was  addressed 
to  the  President  of  the  Association,  Dr.  Edward  H.  Hatton,  and 
included  the  following  statement: 

“I  have  the  honor  to  say  that  the  editors  of  the  Journal  of  Dental  Re¬ 
search,  after  prolonged  and  careful  consideration  of ...  .  proposals  relating 
to  transfer  of  ownership  of  the  Journal  of  Dental  Research,  decided  ....  to 
recommend  that  the  Journal  of  Dental  Research  be  presented  to  the  Inter¬ 
national  Association  for  Dental  Research. 

“I  am  happy  to  add  that  in  a  circular  memorandum  to  all  the  editors,  a 
copy  of  which  is  enclosed,  we  state  that,  in  conformity  with  the  action  thus 
decisively  voted,  we  are  sending  you  this  formal  indication  (a)  of  our  readi¬ 
ness  to  transfer  ownership  of  the  Journal  of  Dental  Research  to  the  Inter¬ 
national  Association  for  Dental  Research  as  of  January  1,  1934,  and  (b) 
of  our  willingness  to  cooperate  in  transferring  ownership  and  management 
as  soon  thereafter  as  the  International  Association  for  Dental  Research  may 
wish,  and  as  comfortably  for  the  International  Association  for  Dental  Research 
as  possible,  provided  the  International  Association  for  Dental  Research 
decides  to  accept  the  proposed  gift.” 

Prospective  procedure.  The  correspondence  between  the  Inter¬ 
national  Association  for  Dental  Research  and  the  Journal  of  Dental 
Research,  on  the  problems  associated  with  the  proposed  transfer  of 
ownership  and  management,  has  been  referred  by  President  Hatton 
to  a  Special  Committee  of  the  Association  for  a  report  to  the  Council, 
which  in  turn  will  present  its  conclusions  and  recommendations  at  the 
next  general  meeting  of  the  Association  in  Chicago,  March  17-18, 
1934.  Until  the  Association  indicates  its  final  response  to  the  above- 
mentioned  notification,  the  Journal  of  Dental  Research  will  continue 
under  its  present  auspices.  A  statement  of  further  developments  will 
be  published  in  the  issue  for  February,  1934. 

The  American  College  of  Dentists  and  the  New  York  Academy  of 
Dentistry  have  been  among  the  societies  affiliated  with  this  Journal. 
Hereafter  they  will  publish  their  proceedings  in  the  Journal  of  the 
American  College  of  Dentists  and  the  Journal  of  the  New  York  Academy 
of  Dentistry,  respectively,  each  of  which  will  be  initiated  as  a  quarterly 
in  1934. 
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I.  New  York  Academy  of  Dentistry 
Notes  from  the  Minutes  of  the  Proceedings  in  1932-33 
Lowrie  J.  Porter,  D.D.S.,  Secretary 

OFFICERS  AND  COMMITTEES 

President,  L.  M.  Waugh.  Vice-president,  J.  D.  Eby.  Secretary,  L.  J. 
Porter.  Treasurer,  A.  L.  Kohn.  Editor,  M.  W.  Carr.  Executive  Commit¬ 
tee:  A.  S.  Walker,  K.  C.  Pruden,  G.  S.  Callaway,  Chairman.  Fellowship 
Committee:  S.  E.  Davenport,  Jr.,  B.  B.  Palmer,  H.  W.  Gillett,  Chairman. 
Non-resident  Fellowship  Committee:  H.  S.  Vaughan,  S.  E.  Davenport, 
W.  B.  Dunning,  Chairman.  Dental  Social  Welfare  Committee:  F.  W.  Mc¬ 
Donald,  J.  K.  Hoornbeek,  T.  E.  Dwyer,  Chairman.  Journal  Committee: 
S.  E.  Davenport,  Jr.,  M.  W.  Carr,  W.  B.  Dunning,  Chairman.  Activities 
Bureau:  E.  J.  Nestler,  Eugene  Senior,  G.  S.  Callaway,  E.  G.  Van  Valey, 
Chairman.  Lantern  Committee:  Roland  Morse.  Dinner  Committee:  W. 
C.  Keller.  Publicity  Committee:  G.  M.  Babbitt,  F.  W.  Pratt,  Matthew 
Carney,  Chairman.  Publicity  Committee  to  Study  the  Plans  of  the  American 
Dental  Association:  A.  L.  Kohn,  S.  E.  Davenport,  Jr.,  Leland  Barrett, 
Chairman.  Grenfell  Mission  Committee:  Donald  Hutchinson,  F.  W. 
McDonald,  J.  M.  Dunning,  Chairman.  Reception  Committee:  E.  J.  Nestler, 
Eugene  Senior,  G.  S.  Callaway,  E.  G.  Van  Valey,  Chairman. 

SCIENTIFIC  MEETINGS 

Seven  regular  meetings  were  held,  one  at  the  Yale  Club,  New  York 
City,  and  six  at  the  Western  Universities  Club,  New  York  City.  All 
were  preceded  by  informal  dinners. 
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October.  Dr.  A.  S.  Walker,  New  York  City,  read  a  paper  on  “Educational 
publicity  a  professional  obligation.”  Dr.  W.  D.  Tracy,  New  York  City, 
opened  the  discussion. 

November.  Dr.  S.  E.  Davenport,  New  York  City,  read  a  paper  on  “Men 
and  memories  of  fifty  years.”  Discussion:  Drs.  W.  B.  Dunning,  H.  W. 
Gillett,  C.  M.  Proctor,  W.  D.  Tracy,  and  C.  F.  Ash. 

December.  Dr.  W.  H.  O.  McGehee,  Washington,  D.  C.,  read  a  paper  on 
“Fundamentals  of  diagnostic  procedure.”  Discussion:  Drs.  T.  P.  Hyatt, 
D.  E.  Ziskin,  and  H.  S.  Dunning. 

January.  Dr.  W.  C.  Rappleye,  Dean  of  Columbia  University  College  of 
Physicians  and  Surgeons,  and  Director  of  Study  of  the  Commission  on 
Medical  Education,  read  a  paper  on  “Comments  on  the  Report  of  the  Com¬ 
mission  on  Medical  Education.”  Discussion:  Drs.  John  Wyckoff,  Dean  of 
New  York  University  and  Bellevue  Hospital  Medical  College;  Harlan  H. 
Horner,  Assistant  Commissioner  for  Higher  and  Professional  Education  for 
New  York  State;  Augustus  S.  Downing,  Alfred  Owre,  G.  H.  Vernon,  and 
S.  Shapiro. 

February.  Dr.  W.  B.  Dunning  read  a  paper  on  “The  management  of  a 
dental  practice.”  There  was  a  general  discussion. 

March.  Major  General  John  h'.  O’Ryan  addressed  the  Academy  on 
“The  National  Economy  League.”  Dr.  H.  S.  Dunning  opened  the  dis¬ 
cussion.  The  annual  series  of  progressive  table  clinics  was  presented  as 
follows:  (1)  “Porcelain  restoration” — Dr.  Ina  H.  Doane.  (2)  “Stress-dis¬ 
tribution  as  the  prime  requisite  for  the  success  of  a  partial  denture” — Dr.  C. 
H.  Schuyler.  (3)  “Sinus  plates,  their  dental  aspects;  simple  technique  for; 
and  fundamentals  for  interpretation” — Dr.  S.  S.  Wald.  (4)  “Sterilization: 
(a)  handpiece;  (b)  oral  mucosa;  (c)  bacteria  removable  from  mouth  rinsings 
after:  (d)  rinsing  mouth,  (e)  brushing  teeth,  (f)  and  cigarette  smoking” — 
Dr.  J.  L.  T.  Appleton,  Jr.  (5)  “Moulages  of  oral  pathology” — Dr.  D.  E. 
Ziskin.  (6)  “New  inductance  foil  furnace  for  porcelain” — Dr.  A.  J.  Asch. 

April  {annual  meeting).  Reports  of  officers  and  committees  were  pre¬ 
sented.  The  Research  Council  reported  that,  owing  to  current  economic 
conditions,  all  work  involving  expense  for  the  Academy  had  been  tem¬ 
porarily  suspended.  The  following  officers  were  elected  for  the  coming 
year:  President,  W.  B.  Dunning.  Vice-president,  J.  D.  Eby.  Secretary, 
L.  J.  Porter.  Treasurer,  A.  L.  Kohn.  Editor,  F.  S.  Dunn.  The  following 
seven  associate  fellows  were  elevated  to  active  fellowship  in  the  Academy, 
in  recognition  of  achievements  and  distinction  in  the  profession:  Drs.  C. 
S.  Bouton,  Kenneth  Campbell,  I.  R.  Hardy,  G.  F.  Lindig,  R.  E.  Morse, 
Theodor  Rosebury,  and  A.  R.  Seidel.  Dr.  Frank  R.  Oastler,  a  member  of 
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the  Camp  Fire  Club,  and  a  Director  of  the  Audubon  Society,  addressed 
the  Academy  on  “Yellowstone  Park  and  Vicinity,”  illustrated  with  motion 
and  still  pictures  in  color. 

REPORT  OF  THE  GRENFELL  SCHOLARSHIP  COMMITTEE 

The  interest  of  the  New  York  Academy  of  Dentistry  in  the  work  of 
Sir  Wilfred  T.  Grenfell’s  Medical  Mission  in  Labrador  dates  from  the 
spring  of  1932  when,  after  an  address  by  Sir  Wilfred  and  through  the 
zeal  of  President  Waugh,  it  was  decided  to  conduct  a  survey  of  the 
dental  needs  in  Labrador.  During  the  summer  of  that  year  the  chair¬ 
man  of  your  committee  w'as  assigned  to  perform  this  survey  and,  as  an 
appointee  of  the  International  Grenfell  Association,  to  take  notes  and 
inventory  of  their  various  stations.  It  became  evident,  as  a  result, 
that  the  most  pressing  need  was  not  for  additional  equipment,  but  for 
the  salaries  of  dental  workers.  In  the  fall  of  1932  the  Grenfell  Scholar¬ 
ship  Committee  of  the  Academy  was  formed  to  collect  a  fund  of  $150 
to  $500  in  order  to  send  a  dentist  to  Labrador.  The  former  sum  was 
intended  to  cover  the  expenses  of  a  summer  worker,  the  latter  of  a  full- 
year  worker.  During  the  winter,  an  appeal  was  sent  out  and  contribu¬ 
tions  from  thirty-two  of  the  Fellows  of  the  Academy  w’ere  received 
to  a  total  of  $231.  This  sum  w^as  very  gratefully  accepted  by  Mr. 
Willmer,  Executive  Officer  of  the  International  Grenfell  Association, 
and  applied  tow'ard  the  salary  of  Dr.  Clifford  A.  Eisentraub,  who  re¬ 
ceived  an  appointment  for  one  year  dating  from  June,  1933. 

It  has  been  a  great  pleasure  to  the  members  of  the  committee  to  be 
in  contact  with  the  Grenfell  work,  and  to  help  to  increase  the  interest 
of  the  Academy  in  Labrador.  It  w'as  also  a  pleasure  to  have  had  Dr. 
Eisentraub  as  our  guest  last  April,  and  to  feel  that  the  dental  w'ork  is 
being  carried  forward  in  his  hands.  The  committee  has  been  anxious 
to  arouse  a  personal,  fully  as  much  as  a  financial,  interest  among  the 
Fellows,  and  to  this  end  w'as  very  glad  to  have  its  first  scholarship- 
holder  present.— yamc5  M.  Dunning,  Chairman;  Donald  Hutchinson, 
F.  W.  McDonald,  Committee. 

IN  MEMORIAM 

The  following  memorial  and  resolution  w'ere  adopted  by  the 
Academy: 
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William  Rice 

Died,  of  apoplexy,  at  his  home,  30  Bay  State  Road,  Boston,  November  23, 
1932,  William  Rice,  D.D.S.,  D.M.D.,  Sc.D.,  F.A.C.D. 

Dr.  Rice  was  bom  in  Dublin,  N.  H.,  September  4,  1867,  son  of  George 
Matthias  and  Persis  Fayette  (Weeks)  Rice.  He  was  educated  in  the  public 
schools  of  Dublin  and  Milford,  N.  H.,  and  Beverly,  Mass.  His  professional 
training  was  received  in  the  Boston  Dental  College,  from  which  institution 
he  graduated  with  the  degree  of  D.D.S.  in  1888.  In  1905,  he  received  the 
degree  of  D.M.D.  from  the  Dental  School  of  Tufts  College.  He  became  an 
instructor  at  Tufts  in  1900,  assistant  professor  of  clinical  dentistry  in  1911, 
and  full  professor  in  that  department  in  1913.  When  the  Boston  Dispensary 
enlarged  its  dental  department,  he  was  made  a  member  of  its  staff.  In  1916 
he  was  elected  Dean  of  the  Dental  School  of  Tufts  College.  Dr.  Rice  was 
president  of  the  American  Academy  of  Dental  Science  for  the  years  1918 
and  1919;  president  of  the  Central  Health  Council  of  Massachusetts  in  1924; 
president  of  the  New  England  Dental  Society  in  1924;  president  of  the  Mas¬ 
sachusetts  Dental  Society  in  1923.  For  a  time  he  served  as  a  member  of 
the  Dental  Advisory  Board  of  the  Massachusetts  Department  of  Health. 
In  1927  Dr.  Rice  was  awarded  a  medal  by  the  Rhode  Island  Dental  Associa¬ 
tion  for  outstanding  achievement  in  dentistry.  In  1929  the  Sc.D.  degree 
was  conferred  upon  him  by  Tufts  College.  He  had  been  Vice-president  of 
the  Dental  Faculties  Association  of  American  Universities  (1921-23);  at 
the  time  of  his  death  he  was  Treasurer  of  the  International  Association  for 
Dental  Research  (1927-32)  of  which  he  was  one  of  the  founders  (1920). 

Aside  from  his  principal  work  in  dental  education.  Dean  Rice  was  a  fre¬ 
quent  contributor  to  current  dental  literature.  He  was  a  conspicuous 
figure  at  important  dental  gatherings.  His  strong  social  gift  secured  to 
him  friends  throughout  the  country,  whereby  his  influence  for  the  welfare 
of  the  Tufts  School  was  greatly  strengthened.  Dr.  Rice  was  actively 
interested  in  the  cause  of  professional  journalism,  and  during  the  career  of 
the  Journal  of  the  Allied  Dental  Societies,  he  was  an  enthusiastic  member 
of  the  small  group  which  produced  and  supported  that  publication.  Many 
of  his  friends  in  our  Academy  will  recall  his  cordial  and  helpful  voice  in  the 
annual  Journal  conferences  which  for  a  number  of  years  were  held  alter¬ 
nately  in  Boston  and  New  York.  Dr.  Rice  is  survived  by  his  widow,  Mrs. 
Alice  Bates  Rice,  and  a  daughter,  Mrs.  Bigelow  Green.  He  was  a  member 
of  the  University  Club,  Twentieth  Century  Club,  and  the  Masons. 

Enough  has  been  said  to  place  Dean  Rice  among  the  leaders  in  dental 
education,  science,  and  literature.  But  any  estimate  of  his  share  in  the  life 
of  this  busy  world  should  begin  with  the  record  of  a  charming  personality. 
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at  once  clear  visioned,  buoyant,  strong  but  tolerant,  kindly,  and  always 
quick  to  make  the  best  of  human  action  or  motives.  He  possessed  in  an 
uncommon  degree  the  power  of  making  and  holding  friendships  and,  further, 
the  ability  to  bring  together  in  harmony  men  who  seriously  disagreed  upon 
subjects  of  importance  in  which  he  was  interested.  He  was  quick  and  gen¬ 
erous  to  the  call  of  sympathy  in  affliction  and  suffering.  A  man  of  deep 
religious  instinct,  sensitive  to  the  best  in  music  and  in  literature.  Dr.  Rice 
moved  and  had  his  being  in  the  ways  of  the  spirit.  As  a  Fellow  of  our 
Academy  he  was  a  cherished  friend  and  counselor,  whose  loss  is  truly 
mourned;  therefore  be  it 

Resolved:  that  the  New  York  Academy  of  Dentistry  records  hereby  its 
deep  sorrow  in  the  passing  from  this  life  of  Dean  William  Rice;  and  be  it 
further 

Resolved:  that  a  copy  of  this  memorial  minute  be  sent  to  Mrs.  Rice  and 
her  family,  with  the  sincere  sympathy  and  kind  wishes  of  all  our  membership. 

II.  International  Association  for  Dental  Research 

MEMORANDUM  ON  THE  PROCEEDINGS  IN  1932-33^ 

William  J.  Gies,  F.A.C.D.,  General  Secretary 

The  annual  scientific  proceedings  of  the  International  Association 
for  Dental  Research,  for  1933,  were  published  on  pages  173-256  of 
this  volume.  The  introduction  thereto  states  the  reasons  for  post¬ 
ponement  of  the  annual  executive  meeting,  which  was  held  on  May  25 
at  the  Western  Universities  Club,  New  York  City,  in  joint  session  with 
the  New  York  Section.  At  this  adjourned  meeting,  attended  by  mem¬ 
bers  resident  in  Baltimore,  New  Haven,  New  York,  Philadelphia,  and 
Pittsburgh,  an  informal  dinner  preceded  the  scientific  program  of  the 
New  York  Section,  which  was  followed  by  the  executive  session  of  the 
Association,  Vice-president  Appleton  in  the  chair.  The  officers  and 

*  A  brief  outline  of  the  organization  and  early  development  of  the  International  Asso¬ 
ciation  for  Dental  Research,  including  the  Constitution,  was  published  on  pages  197-208 
of  Volume  VIII  (1928)  of  the  Journal  of  Dental  Research.  This  was  followed,  in  the  same 
issue,  by  a  summary  of  the  proceedings  of  the  first  five  general  meetings,  and  a  register  of 
membership  as  of  March  15,  1928  (pp.  209-233).  Records  of  the  proceedings  of  subse¬ 
quent  general  meetings  were  published  in  the  Journal  of  Dental  Research  as  follows:  Sixth 
(1928,  viii) — abstracts,  p.  395;  executive  data,  p.  696.  Seventh  (1929,  ix) — abstracts,  p. 
269;  executive  data,  p.  756.  Eighth  (1930,  x) — ^abstracts,  p.  367;  executive  data,  p.  782. 
Ninth  (1931,  xi) — abstracts,  p.  437;  executive  data,  p.  908.  Tenth  (1932,  xii) — abstracts, 
p.  411;  executive  data,  p.  997.  Eleventh  (1933,  xiii) — abstracts,  p.  173. 
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members  listed  on  pp.  254-56  of  the  issue  of  the  Journal  of  Dental 
Research  for  June,  1933,  were  elected.  The  General  Secretary  since 
1927  presented  no  bills  for  expenses  in  the  performance  of  his  duties, 
and  made  similar  arrangements  annually  for  the  distribution  of  re¬ 
prints  of  the  proceedings  to  the  members  and  others  during  the  same 
period.  As  these  expenses  were  gifts  to  the  Association,  the  entire 
balance  of  cash  in  the  treasury  as  of  May  25,  1933  ($1,093.70)  was 
converted  by  unanimous  vote  into  a  permanent  endowment  fund,  which 
it  is  hoped  the  Association  will  be  able  materially  to  increase.  The 
annual  dues  remain  $1.00.  In  accordance  with  previous  decisions, 
it  was  voted  to  remit  annual  dues  of  members  who  in  1933-34  do  not 
reside  in  North  America.  Drs.  L.  M.  Waugh,  F.  S.  McKay,  and  A.  H. 
Merritt  were  appointed  a  special  local  committee  to  consider  matters 
relating  to  possible  transfer  of  ownership  of  the  Journal  of  Dental 
Research  to  the  International  Association  for  Dental  Research.* 
Action  at  this  meeting  authorized  the  creation  of  sections  in  Balti¬ 
more,  Richmond,  and  Rochester,  each  of  which  has  since  been  or¬ 
ganized.  There  are  now  (Dec.  1,  1933)  302  members,  and  23  sections, 
in  5  nations.  The  location  of  the  sections  is  indicated  below  in  the 
register  of  members.  The  next  (twelfth)  general  meeting  will  be  held 
in  Chicago,  Ill.,  March  17  and  18,  1934,  preceding  and  in  coordination 
with  the  eleventh  annual  meeting  of  the  American  Association  of 
Dental  Schools,  March  19-21,  inclusive. 

During  1932-33  meetings  of  the  sections  were  held  on  this  schedule:  Ann 
Arbor — May  20.  Boston — May  8.  Chicago — Oct.  14,  Jan.  20,  May  20. 
Cleveland — Dec.  5,  May  20,  June  12.  Columbus — Dec.  2,  Dec.  5,  Mar.  13, 
May  20.  Halifax — Nov.  25,  Mar.  24.  London — Oct.  5,  Jan.  18,  Mar.  22. 
Louisville — Nov.  2.  Minnesota — Nov.  28,  Jan.  30,  Feb.  27,  Mar.  27,  Apr. 
24.  New  Haven  —Oct.  3,  Dec.  5.  New  York — Dec.  8,  Feb.  16,  May  25. 
Philadelphia — Apr.  13,  May  22.  Pittsburgh — Oct.  3,  Nov.  7,  Dec.  5,  Jan.  9, 
Feb.  6,  Mar.  6,  Apr.  3,  May  1.  Richmond — May  26.  Rochester — May  26. 
St.  Louis — Nov.  15,  Jan.  10,  Apr.  11.  San  Francisco — June  12.  Toronto 
^Feb.  2,  Feb.  10,  Apr.  13,  June  13,  June  27.  Washington — Nov.  18,  June 
29.  Winnipeg — Nov.  23,  Jan.  16,  May  10. 


*  Gics:  Journal  of  Dental  Research,  1933,  xiii,  pp.  297  and  521. 
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REGISTER  OF  MEMBERS  BY  SECTIONS:  DECEMBER  1,  1933 

1.  Ann  Arbor  Section. — R.  K.  Brown,  R.  W,  Bunting,  C.  M.  Dixon, 
Faith  P.  Hadley,  Philip  Jay,  C.  J.  Lyons,  *U.  G.  Rickert,  E.  O.  Scott,  F.  B. 
Vedder,  M.  L.  Ward— 10 

2.  Baltimore  Section. — *M.  S.  Aisenberg,  E.  C.  Dobbs,  E.  V.  McCollum, 
A.  H.  Schultz — 4 

3.  Boston  Section. — L.  W.  Baker,  *F.  R.  Blumenthal,  P.  E.  Boyle,  W.  G. 
Bridge,  F.  P,  Chillingworth,  F.  H.  Daley,  C.  E.  Hatch,  E.  A.  Hooton,  P. 
R.  Howe,  V.  H,  Kazanjian,  P.  A.  Leavitt,  F.  P.  McCarthy,  L.  M.  S.  Miner, 
A.  L.  Morse,  F.  W.  Morse,  A.  P.  Rogers,  Benjamin  Spector,  K.  H.  Thoma, 
Benjamin  Tishler,  Harry  Trimble,  G.  H.  Wright — 21 

4.  Chicago  Section. — H.  C.  Benedict,  Olaf  Bergeim,  A.  D.  Black,  J.  R. 
Blayney,  E.  P.  Boulger,  A.  G.  Brodie,  E.  D.  Coolidge,  W.  G.  Downs,  Jr., 
E.  B.  Fink,  R.  H.  Fouser,  S.  M.  Gordon,  E.  H.  Hatton,  Rudolf  Kronfeld, 
W.  H.  G.  Logan,  F.  B.  Moorehead,  Emil  Mueller,  Anna  C.  Nichols,  F.  B. 
Noyes,  H,  J.  Noyes,  *V.  T.  Nylander,  E.  C.  Pendleton,  W.  F.  Peterson,  H. 
A.  Potts,  Isaac  Schour,  B.  O.  Sippy,  W.  G.  Skillen,  S.  D.  Tylman,  W.  H. 
Welker,  Warren  Willman — 29 

5.  Cleveland  Section. — B.  H.  Broadbent,  *S.  W.  Chase,  R.  P.  Dressel,  T. 
J.  Hill,  W.  M.  Krogman,  V.  C.  Myers,  W.  A.  V.  Price,  E.  W.  Skinner,  F. 
C.  Waite— 9 

6.  Columbm  Section. — H,  C.  Brown,  A.  J.  Bush,  H.  V.  Cottrell,  Bernice  T. 
Horton,  *P.  C.  Kitchin,  R.  D.  McFarland,  S.  J.  Randall — 7 

7.  Halifax  Section — J.  S.  Bagnall,  R.  J.  Bean,  A.  W,  Faulkner,  A.  B, 
Haverstack,  Donald  Mainland,  W.  C.  Oxner,  S.  G.  Ritchie,  R.  P.  Smith, 
G.  K.  Thomson,  E.  G.  Young — 10.  {H.  M.  Eaton,  an  associate  member,  is 
Secretary  of  the  Section.) 

8.  London  Section. — Arthur  Bulleid,  J.  F.  Colyer,  F.  N.  Doubleday,  E.  W. 
Fish,  C.  H.  Howkins,  H.  C.  Malleson,  G.  B.  Pritchard,  *  Evelyn  Sprawson, 
J.  G.  Turner — 9 

9.  Louisville  Section — T.  B.  Beust,  *R.  E.  Myers,  J.  T.  O’Rourke,  W.  M. 
Randall — 4 

10.  Minnesota  Section — W.  D.  Armstrong,  L.  T.  Austin,  E.  S.  Best,  P.  J. 
Brekhus,  J.  T.  Cohen,  I.  A.  Epstein,  B.  S.  Gardner,  C.  J.  Grove,  J.  F.  Mc¬ 
Clendon,  F.  S.  Meyer,  W.  R.  Schram,  E.  C.  Stafne,  W.  D.  Vehe,  H.  F. 
Wahlquist,  *C.  W.  Waldron,  H.  G.  Worman — 16 

11.  New  Haven  Section. — *B.  G.  Anderson,  S.  S.  Amim,  C.  G.  Burn,  A. 
M.  Crosby,  R.  G.  Hussey,  H.  A.  Miller,  J.  P.  Pigott,  David  Weisberger, 
J.  J.  Wolfe— 9 

*  Secretary  of  the  Section. 
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12.  New  York  Section. — Edmund  Applebaum,  H.  A.  Bartels,  Adolph 
Berger,  S.  N.  Blackberg,  Theodor  Blum,  C.  F.  Bodecker,  L.  R.  Cahn,  M. 
W.  Carr,  G.  W.  Clapp,  W.  H.  Crawford,  H.  S.  Dunning,  W.  B.  Dunning, 
H.  S.  Dwyer,  J.  D.  Eby,  Genevieve  Foley,  S.  W.  A.  Franken,  W.  J,  Gies, 
H.  W.  Gillett,  W.  K.  Gregory,  Samuel  Greenberg,  Milo  Heilman,  I.  Hirsch- 
feld,  R.  G.  Hutchinson,  Jr.,  T.  P.  Hyatt,  A.  L.  Johnson,  Maxwell  Karshan, 

F.  C.  Kemple,  Frances  Krasnow,  H.  J.  Leonard,  E.  C.  McBeath,  J.  O. 
McCall,  F.  S.  McKay,  A.  H.  Merritt,  E.  G.  Miller,  Jr.,  Egon  Neustadt,  B. 
B.  Palmer,  *Theodor  Rosebury,  A.  T.  Rowe,  M.  I.  Schamberg,  Joseph  Schroff, 
P.  R.  Stillman,  L.  M.  Waugh,  B.  W.  Weinberger,  J.  L.  Zemsky,  D.  E. 
Ziskin — 45 

13.  Philadelphia  Section. — J.  L.  T.  Appleton,  Jr.,  Mrs.  C.  K.  Bryant, 
*T.  J.  Cook,  J.  A.  Detlefsen,  L.  I.  Grossman,  R.  H.  Ivy,  J.  V.  Mershon,  Her¬ 
mann  Prinz,  C.  R.  Turner — 9 

14.  Pittsburgh  Section. — T.  W.  Brand,  K.  W.  Dewey,  J.  J.  Enright,  W. 
L.  Fickes,  F.  C.  Friesell,  H.  E.  Friesell,  E.  G.  Meisel,  N.  C.  Ochsenhirt, 
W.  F.  Swanson,  *L.  E.  Van  Kirk,  E.  A.  Wolf,  W.  H.  Wright — 12 

15.  Prague  Section. — Karel  Cern;^,  Jan  Jesensk;/,  Frantisek  Kostecka, 
A.  E.  Loos,  *  Friedrich  Neumann,  Frantisek  Neuwirt,  Karel  Wachsmann — 7 

16.  Richmond  Section. — Harry  Bear,  S.  F.  Bradel,  *J.  C.  Forbes — 3 

17.  Rochester  Section. — *B.  G.  Bibby,  C.  D.  M.  Day,  H.  C.  Hodge,  H.  J. 
Sedwick — 4 

18.  St.  Louis  Section. — E.  H.  Keys,  B.  E.  Lischer,  E.  B.  Owen,  H.  R. 
Raper  (Albuquerque,  N.  M.),  *C.  0.  Simpson,  R.  C.  Wheeler,  J.  D.  White, 

G.  B.  Winter — 8 

19.  San  Francisco  Section — G.  L.  Bean,  Hermann  Becks,  W.  C.  Fleming, 

J.  R.  Gill,  I.  W.  D.  Hackh,  G.  M.  Hollenbeck,  J.  A.  Marshall,  E.  H.  Mauk, 
G.  S.  Millberry,  R.  W.  Rule,  *W.  B.  Ryder,  Jr.,  E.  W.  Schultz,  J.  S.  Shell, 
F.  V.  Simonton,  L.  B.  Taber,  R.  C.  Zeisz — 16 

20.  Toronto  Section. — Mary  C.  Agnew  (Mrs.  R.  G.),  R.  G.  Agnew,  H. 

K.  Box,  *A.  J.  Broughton,  Thomas  Cowling,  A.  W.  Ellis,  G.  W.  Grieve, 
F.  C.  Husband,  A.  J.  McDonagh,  E.  W.  Paul,  R.  J.  Reade,  H.  S.  Thomson, 
W.  C.  Trotter,  A.  E.  Webster— 14 

21.  Vienna  Section. — Arved  Berg,  Karl  Breitner,  Fritz  Driak,  Bernhard 
Gottlieb,  Richard  Grohs,  Otto  Hofer,  Ernst  Kellner,  *Emerich  Kotanyi, 
Moriz  Leist,  Balint  Orban,  Hans  Pichler,  Otto  Preissecker,  Franz  Schon- 
bauer,  A.  M.  Schwarz,  Harry  Sicher,  Karl  Spring,  Georg  Stein,  Richard 
Trauner,  Josef  Weinmann,  Hermann  Wolf — 20 

22.  Washington  Section. — A.  B.  Crane,  C.  W.  Camalier,  H.  T.  Dean, 
Ales  Hrdlicka,  Aaron  Isaacs,  Harry  Kaplan,  R.  A.  Keilty,  C.  T.  Messner, 
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*G.  C.  Pajffenbarger,  Wilmer  Souder,  W.  T.  Sweeney,  N.  O.  Taylor  (Minne¬ 
apolis) — 12 

23.  Winnipeg  Section. — *E.  R.  Bier,  F.  T.  Cadham,  M.  H.  Garvin,  K.  M. 
Johnson,  H,  J.  Merkeley,  W.  J.  Riley — ^6 

24,  Not  now  members  of  a  section.  Denver. — K.  K.  Cross.  Germany. — 
Wilhelm  Dieck  (Berlin),  Guido  Fischer  (Hamburg),  Gustav  Korkhaus 
(Bonn),  Otto  Loos  (Frankfurt),  Friedrich  Proell  (Berlin),  Rudolf  Weber 
(Cologne).  Glasgow. — Andrew  Hunter  (formerly  of  the  Toronto  Section). 
Hartford. — R.  L.  Coleman.  Honolulu. — Martha  R.  Jones.  Iowa  City. — 
A.  W.  Bryan,  C.  L.  Drain,  R.  H.  Volland.  Montevideo. — F.  M.  Pucci. 
New  Haven. — Henry  Klein  (formerly  of  the  Washington  Section).  Omaha. 
— R.  W.  Leigh.  Toronto. — Mrs.  R.  F.  Farquharson  (formerly  of  the 
Toronto  Section).  Vermilion  (Alberta). — Anne  G.  E.  Mackenzie  (for¬ 
merly  of  the  Winnipeg  Section).  Woods  Hole  (Mass.). — S.  E.  Pond 
(formerly  of  the  Philadelphia  Section). — 18 

Total  number  of  members — 302;  average  membership  of  twenty-three 
sections — 12. 

III.  Note  on  the  William  J.  Gies  Fellowship  in  Biological 
Chemistry  at  Columbia  University® 

Edgar  G.  Miller,  Jr.,  Ph.D.,  Chairman  of  the  Fellowship  Committee 

The  sixth  Fellow,  to  serve  for  1933-34,  is  Lewis  L,  Engel,  B.S. 
(Harvard,  1929),  who  is  conducting  a  study  of  the  iron  content  of  the 
protein  in  dental  enamel,  and  also  the  constitution  of  the  sugar  osa- 
zones.  The  financial  status  of  the  Fund  is  indicated  below: 

Principal  of  the  William  J,  Gies  Fellowship  Fund,  held  by 
Columbia  University  on  June  30,  1932,  as  recorded  in 


the  last  annual  statement .  $33,081.86 

Addition  to  the  principal  of  the  Fund  in  1932-33: 

One-half  of  the  income  for  1932-33* .  907.72 

Total  amount  of  the  principal,  June  30,  1933 .  $33,989.58 

Increase  in  the  principal  of  the  Fund  (1928-33) . $6,602.52 


*  Previous  reports  were  published  in  the  Journal  of  Dental  Research:  (1)  1927,  vii,  p. 
530;  (2)  1928,  vui,  p,  679;  (3)  1929,  ix,  p.  741;  (4)  1930,  x,  p.  771;  (5)  1931,  xi,  p.  912;  (6) 
1932,  xii,  p.  1001. 

*  Goodridge,  Howe,  Dunning,  and  Waugh:  Journal  of  Dental  Research,  1927,  vii,  p. 
530.  From  1928-1937,  inclusive,  50  percent  of  the  annual  income  will  be  added  to  the 
principal  amount  of  the  Fund;  from  1938-1947,  inclusive,  30  percent;  from  1948-1957, 
inclusive,  10  percent.  Beginning  in  1958  (January  1),  the  whole  of  the  annual  income 
will  be  available  for  current  use. 
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IV.  Quotations  on  the  Status  of  Dentistry® 

ASSEMBLED  FROM  THE  QUOTATIONS  ON  FACES  2  AND  3  OF  THE  COVERS 
ON  THE  SIX  NUMBERS  OF  THIS  VOLUME 

The  Commission  on  Medical  Education,  consisting  of  eighteen  members 
and  a  “Director  of  Study,”  did  not  include  a  practitioner  of  dentistry  nor  a 
teacher  of  a  subject  peculiar  to  dentistry.  The  following  universities 
having  dental  schools  were  represented  in  the  Commission,  chiefly  by  general 
or  medical  administrative  officers:  Buffalo  (1),  Columbia  (2),  Harvard  (3), 
Illinois  (1),  Iowa  (1),  Minnesota  (1),  Toronto  (1).  Under  “Dentistry,” 
the  Commission’s  final  report  (Dec.,  1932;  pp.  560)  includes  these  state¬ 
ments  (pp.  216-17): 

“The  important  place  which  oral  hygiene  and  diseases  of  the  dental  structures  occupies 
in  the  health  program,  and  the  close  relationship  which  exists  between  oral  conditions 
and  other  functions  of  the  body,  point  to  the  necessity  of  correlating  medical  and  dental 

practice  and  education . Lately  the  two  professions  have  seen  the  necessity  of  closer 

cooperation  in  both  practice  and  education . Hospitals,  clinics,  and  public-health 

activities  are  embracing  dentistry  as  an  essential  part  of  an  adequate  health  program . 

Dentistry  has  its  roots  in  the  same  biological  soil  that  nourishes  medicine . Uni¬ 

versities  responsible  for  education  in  these  two  closely  related  fields  of  health  work  are 
moving  logically  in  the  direction  of  coordinating  their  educational  programs.  The  dif¬ 
ferences  of  opinion  at  the  moment  are  largely  over  the  form  which  the  correlation  should 
assume.” 

The  Commission’s  views  and  recommendations  relating  to  dental  educa¬ 
tion  may  be  summarized  very  briefly  as  follows  (1-3): 

(1)  Dentistry  should  not  be  converted  into  a  specialty  of  medical  practice. 

(a)  Dentistry  should  not  be  made  a  graduate  specialty  of  medical  practice, 
such  as  surgery.  (Dental  education  should  not  be  based  on  the  M.D. 
degree.) 

(b)  Dentistry  could  not  be  made  a  specialty  of  medical  practice  by 
basing  it  on  the  first  two  years  of  the  M.D.  curriculum. 

(These  recommendations  [a  and  b]  accord  with  prevailing  opinion.) 

(2)  Dentistry  should  be  continued  as  a  separately  organized  profession. 

(c)  Dental  education  should  be  as  “high  in  quality”  as  medical  education, 
but  should  be  different  and  adapted  to  the  needs  of  the  dental  practitioner. 

(d)  Dental  education  should  lead  to  a  distinctive  degree  and  licensure. 
(These  recommendations  [c  and  d],  also  in  agreement  with  prevailing 
opinion,  seem  to  refer  to  normal  improvement  of  dental  education,  and 
to  continuance  of  the  D.D.S.  degree  and  of  independent  licensure.) 


‘  A  similar  series  was  published  on  pp.  1001-04  in  vol.  xii  (1932)  of  this  Journal, 
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(3)  “Dentistry  should  be  developed  under  medical  education”  (medical 
faculties),  and  made,  like  nursing,  a  profession  subordinate  to  (and  con¬ 
trolled  by)  the  medical  profession.  (See  “Nursing”  in  the  Commission’s 
report,  p.  218.) 

All  the  quoted  comment,  and  the  recommendations  in  items  1  and  2  in 
the  above  summary,  agree  with  suggestions  and  conclusions  in  the  Carnegie 
Foundation's  Bulletin  on  Dental  Education  (1926).  Instead  of  item  3,  how¬ 
ever,  the  Bulletin  contained  the  recommendation  that  dentistry,  sustained 
on  its  own  system  of  professional  education  in  close  coordination  with 
medical  education,  be  made  the  health-service  equivalent  of  a  specialty  of 
medical  practice. 

If,  according  to  item  3  in  the  above  summary,  “dentistry  should  be 
developed  under  medical  education,”  a  lay  observer,  concerned  chiefly  about 
public  benefits,  might  suitably  ask  for  evidence  warranting  the  belief  that 
the  proposed  development  would  be  facilitated  more  effectually  “under" 
medicine  than  through  a  continuance  of  dentistry’s  own  schools,  and  through 
coordinations  of  medical  schools  and  dental  schools  that  would  express  both 
mutual  respect  and  real  cooperation  in  the  public  interest.  The  remarkable 
indifference  of  medicine  and  of  most  medical  faculties  to  dentistry,  while 
dentistry  has  been  struggling  against  disparagement  to  attain  a  place  of 
accredited  usefulness  in  health  service,  does  not  afford  any  such  evidence. 
The  Annual  Report  of  the  Carnegie  Foundation  for  1930,  appealing  for  better 
support  for  dentistry,  and  also  referring  to  the  lack  of  interest  at  the  Harvard 
Medical  School  and  at  medical  schools  in  general  in  instruction  regarding 
dental  conditions,  stated  (pp.  84-85) : 

“During  the  past  year  [1929-30]  the  Medical  Faculty  of  Harvard  University  issued  a 
volume  of  194  pages  entitled:  Synopsis  of  the  Practice  of  Preventive  Medicine  as  applied  in 
the  Basic  Medical  Sciences  and  Clinical  Instruction  at  the  Harvard  Medical  School.  Although 
the  full  professors  in  the  Dental  School  at  Harvard  are  members  of  the  Medical  Faculty, 
dentistry  and  all  its  medical  aspects  were  overlooked  in  this  important  book.  Medical 
schools  ....  are  strangely  unwilling  even  to  teach  the  ‘medical  part’  of  dentistry  to  their 

students  of  medicine . If  interest  in  the  ‘medical  part’  of  dentistry  continues  at  its 

present  rate  of  growth  [since  1924]  in  the  medical  schools  in  the  United  States,  and  if  the 
number  remains  the  same,  then  it  may  be  expected  that  by  19S5  all  of  the  medical  schools 
will  devote  an  average  total  of  eight  [clock]  hours  in  the  entire  curriculum  to  required  work  in 
dental  and  oral  relationships."  [No  italic  in  original.] 

It  is  regrettable  that  the  Commission  on  Medical  Education,  in  making 
its  recommendation  that  dentistry  be  developed  “under"  medical  educa¬ 
tion,  did  not  indicate  why  the  dental  profession  and  the  lay  public  should 
believe  that  medical  faculties  are  inclined  and  able  to  promote  dentistry  as 
usefully  in  the  public  interest  as  dental  faculties,  with  increasing  effective- 
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ness,  have  been  and  are  doing  it.  Dentists  may  also  be  expected  to  inquire 
whether,  if  dentistry  were  “developed  under  medical  education,”  the  pro¬ 
spective  development  would  take  the  form  of  the  “master-servant  plan,” 
which  has  been  publicly  commended,  as  suitable  for  dentistry,  by  a  number 
of  deans  of  medical  schools — and  lately  by  seven  members  of  the  Com¬ 
mittee  on  the  Costs  of  Medical  Care  (footnote  in  the  majority  report,  p, 
141).  According  to  this  plan,  dentistry,  made  nominally  a  part  of  medical 
practice,  would  be  conducted,  i.e.,  managed,  by  physicians  as  “oral  spe¬ 
cialists;”  and  a  variety  of  uneducated  technicians  and  assistants  would  be 
trained  in  short  courses  to  do,  under  the  “direction”  of  the  “oral  specialists,” 
*‘most  of  the  routine  work  now  performed  in  dentistry”  i.e.,  in  the  mouths  of 
patients.  Is  this  the  kind  of  “development”  medical  faculties  would  foster? 

The  dental  profession  will  soon  celebrate  the  centenary  of  its  establish¬ 
ment.  Independence  with  interdependence  has  been  one  of  dentistry’s 
working  ideals.  Coordination  without  subordination  may  well  be  added  to 
the  self-respecting  conceptions  of  public  duty,  and  of  professional  oppor¬ 
tunity,  in  dentistry’s  relation  with  all  other  health-service  professions — 
William  J.  Gies,  Columbia  University,  January  31,  1933. 


After  listening  to  a  reading  of  the  comment  on  dentistry,  on  pages  216-217 
of  the  Final  Report  of  the  Commission  on  Medical  Education  and  of  analogous 
views  from  similar  sources,  the  Minnesota  State  Dental  Association,  in 
annual  session  in  Minneapolis,  Feb.  6,  1933,  unanimously  adopted  a  report 
of  the  Committee  on  Dental  Education  containing  the  following  conclu¬ 
sions,  which  were  designated  as  “prevailing  opinions  within  and  without 
the  profession:”  “(1)  Dentistry  should  continue  as  a  separately  organized 
profession;  (2)  should  not  be  converted  into  a  specialty  of  medical  practice; 
(3)  should  not  be  made  a  graduate  specialty  of  medical  practice;  (4)  should 
not  be  based  on  the  M.D.  degree;  (5)  could  not  be  made  a  specialty  of  medi¬ 
cine  by  basing  it  on  the  first  two  years  of  the  medical  curriculum,  as  most 
of  the  clinical  studies  in  medicine  are  delegated  to  the  last  two  years.  (6) 
Dental  education  should  be  as  high  in  quality  as  medical  education,  but 
should  be  adapted  to  the  needs  of  the  dental  practitioners.  It  is  impossible 
to  predict  what  might  be  the  result  if  dentistry  were  developed  under  medi¬ 
cal  education  and  subordinated  to  it.  The  logical  conclusion  would  seem  to 
be  that  dentistry,  having  developed  more  rapidly  and  triumphantly  after 
separation  from  medical  domination,  could  maintain  the  direction  of  [dental] 
education  on  a  higher  plane  than  medicine  would  be  able  to  do.” — North- 
West  Dentistry,  1933,  xii,  p.  46;  April. 


536 


SUPPLEMENT 


Whereas,  a  commission  representing  the  Association  of  American  Medical 
Colleges,  and  known  as  the  Commission  on  Medical  Education,  which  has 
been  conducting  a  study  of  medical  education,  has  published  in  book  form  a 
Final  Report  of  the  Commission  on  Medical  Education;  and 

Whereas,  on  pages  216-217  of  said  Final  Report  the  Commission  records 
its  opinion  that  dentistry  should  be  developed  under  medical  educa¬ 
tion;”  and 

Whereas,  no  evidence  is  available  of  any  effort  on  the  part  of  the  Com¬ 
mission  to  discuss  this  subject  with  an  existing  similar  commission,  known 
as  the  “Committee  on  Survey  of  the  Dental  Cuiriculum,”  with  the 
American  Association  of  Dental  Schools,  or  with  any  authoritative  body 
interested  in,  and  familiar  with,  dental  education  or  “dentistry;”  and 
Whereas,  the  conclusions  of  the  Commission  on  Medical  Education 
concerning  dentistry  are  most  astonishing;  therefore  be  it 

Resolved,  that  the  Pennsylvania  State  Dental  Society  in  annual  session 
convened  [May,  1933]  does  hereby  unanimously  disapprove  of  the  actions 
and  suggestions  of  the  Commission  on  Medical  Education,  for  the  subjuga¬ 
tion  of  the  dental  profession.  Such  suggestions  are  neither  impressive  nor 
persuasive,  are  hopelessly  illogical,  and  would  degrade  dentistry  and  demor¬ 
alize  dental  service;  and 

Be  it  further  resolved,  that  copies  of  this  resolution  be  sent  to  the  Council 
on  Medical  Education  of  the  American  Medical  Association,  to  the  members 
of  the  Commission  on  Medical  Education,  to  the  American  Association  of 
Dental  Schools,  to  the  deans  of  the  medical  and  dental  schools  in  North 
America,  and  to  leading  journals  in  medicine,  dentistry,  and  other  health- 
service  professions. 


Whereas,  the  Committee  on  Medical  Education  representing  the  American 
Medical  Association  and  the  Association  of  American  Medical  Colleges,  has 
published  in  book  form  a  splendid  and  comprehensive  report  on  Medical 
Education — a  book  entitled  “Final  Report  of  the  Commission  on  Medical 
Education" — and  has  therein  recommended  that  “dentistry  should  be 
developed  under  medical  education;”  and 

Whereas,  there  is  no  evidence  that  the  Commission  on  Medical  Education 
made  a  careful  study  of  the  history  and  progress  of  dental  education  as  a 
basis  for  its  conclusions;  therefore,  be  it 

Resolved,  that  the  Illinois  State  Dental  Society  in  annual  session  [May, 
1933]  does  hereby  unanimously  disapprove  of  the  actions  and  suggestions 
of  the  Commission  on  Medical  Education,  which  gives  little  consideration 
to  a  century  of  earnest  effort  and  progress  in  the  service  of  humanity  by 
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those  who  have  contributed  to  the  development  of  the  present  program  of 
dental  education;  and  therefore,  be  it 

Resolved,  that  copies  of  this  resolution  be  sent  to  the  members  of  the 
Council  on  Medical  Education  of  the  American  Medical  Association,  to  the 
members  of  the  Commission  on  Medical  Education,  to  the  American  Asso¬ 
ciation  of  Dental  Schools,  to  the  presidents  of  universities  which  have 
dental  departments,  to  the  deans  of  the  medical  and  dental  schools,  and  to 
leading  journals  in  medicine,  dentistry,  and  other  health-service  professions. 

Ten  additional  states 

Resolutions  similar  to  those  by  the  three  state  dental  associations  named  above  were 
adopted  at  recent  annual  meetings  of  the  state  dental  societies  of  California,  Georgia, 
Iowa,  Maine,  Mississippi,  Missouri,  Nebraska,  North  Carolina,  Oregon,  and  South 
Carolina. 


The  [dental  section  of  the]  Final  Report  of  the  Commission  on  Medical 
Education  (1932)  ....  closes  with  the  statement  that  “dentistry  should  be 
developed  under  medical  education.”  ....  This  conclusion  has  not  been 
influenced  by  an  intimate  knowledge  of  the  peculiar  requirements  in  dental 
education  and  practice . In  a  complete  surrender  of  the  dental  curricu¬ 

lum  to  medical  supervision  there  would  be  a  lessening  in  value  of  training 
in  the  mechanical  aspects  of  practice  because  of  the  apparent  incompetency 
of  medical  education  to  administer  technical  instruction  in  purely  dental 
subjects.  There  is  no  evidence  in  former  or  present  attitudes  of  medicine 
toward  dentistry  to  indicate  that  a  plan  of  dental  training  subject  to  medical 
supervision  would  provide  any  improvement  in  the  present  quality  of  oral 
health-service.  It  would  appear  that  the  future  of  dentistry  should  be  in 
the  hands  of  those  who  have  nourished  it  through  the  years,  who  under¬ 
stand  its  purposes  and  objectives,  and  who  appreciate  the  need  for  an 
harmonious  development  of  medicine,  mechanics,  and  art  as  a  guarantee  of 
the  highest  possible  service  attainable  in  dental  practice. — J.  B.  Robinson, 
D.D.S.,  F.A.C.D.,  presidential  address;  Proceedings  of  the  American  Asso¬ 
ciation  of  Dental  Schools,  1933,  x,  p.  54,  April. 


On  page  217  of  the  Final  Report  of  the  Commission  on  Medical  Educa¬ 
tion  ....  the  remarkable  assertion  is  made  that  “it  would  seem  logical 
that  dentistry  should  be  developed  under  medical  education.”  I  am  unable 
to  understand  why  such  a  statement  was  included  in  this  voluminous  report, 
for  the  Commission  headed  by  Dr.  A.  Lawrence  Lowell,  President  of  Har¬ 
vard  University,  could  easily  have  learned  otherwise  by  consultation  with 
any  representative  group  of  dentists.  Did  the  Commission  study  the  dental 
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problem  sufficiently  to  justify  it  in  expressing  an  opinion  on  this  subject? 
Does  it  not  seem  reasonable  that  any  questions  of  importance  in  dental 
education  may  well  be  reserved  for  solution  by  dentists?  As  you  know, 
since  1930  the  dental  curriculum  has  been  studied  by  a  well-financed  special 
commission  composed  of  competent  dental  educators,  expert  educational 
advisers,  and  a  trained  executive  secretary.  This  commission  may  be 
trusted  to  present  data  and  conclusions  for  the  guidance  of  all  concerned. 
....  I  am  sometimes  comforted  by  the  thought  that  these  repeated  attacks 
on  dentistry  are  to  be  expected  as  a  logical  sequence  of  our  growing  impor¬ 
tance  as  a  natural  division  of  health  service,  and  mark  a  certain  stage  in  the 
development  of  our  profession.  In  the  not  distant  future,  when  we  shall 
have  united  on  a  standard  dental  curriculum,  such  curious  propositions, 
because  of  the  illogical  premises  upon  which  they  are  builded,  and  because 
of  the  absurdities  to  which  they  would  lead,  will  no  longer  be  made.  During 
the  present  state  of  uncertainty  regarding  the  dental  curriculum,  even 
though  these  differences  are  more  superficial  than  real,  additional  gratuitous 
advice  may  be  expected  from  individuals  who,  although  learned  in  their 
own  vocations  but  knowing  nothing  or  next  to  nothing  about  dentistry,  are 
therefore  not  competent  to  tell  us  what  to  do. — Henry  L.  Banzhaf,  B.S., 
D.D.S.,  F.A  .C.D.,  presidential  address,  annual  meeting  of  the  Dental  Educa¬ 
tional  Council  of  America,  Chicago,  April,  1933. 


(a)  Just  what  is  required  in  dental  health-service?  Decisions  regarding 
dental  education  should  rest  upon  detailed  information  regarding  dental 
health  needs  and  dental  service,  (b)  Is  there  reason  to  believe  that  autono¬ 
mous  dental  education  is  unable  or  unwilling  to  cope  with  the  problems  of 
preparing  men  and  women  to  render  dental  health  service?  (c)  Would  dental 
education  under  the  auspices  of  medical  education  move  forward  more 
rapidly  than  if  it  remains  autonomous?  (d)  What  would  be  the  psycho¬ 
logical  effect  on  the  dental  profession,  if  the  training  of  dental  practitioners 
were  taken  over  by  the  medical  profession?  These  are  some  of  the  ques¬ 
tions  that  should  be  thoroughly  studied  by  anyone  or  any  group  that  desires 
to  contribute  to  an  understanding  of  the  relationship  between  dental  and 
medical  education.  The  Commission  on  Medical  Education  [in  suggesting 
that  dentistry  should  be  developed  under  medical  education]  has  obviously 
not  based  its  suggestions  upon  a  thorough  investigation  of  these  and  similar 
questions. — L.  E.  Blauch,  Ph.D.,  Executive  Secretary,  Committee  on  Survey 
of  the  Dental  Curriculum;  Proceedings  of  the  International  Association  for 
Dental  Research,  Journal  of  Dental  Research,  1933,  xiii,  p.  211,  June. 
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The  Dental  Educational  Council  of  America  has  given  special  attention 
to  the  comment  on  dentistry  on  pages  216-217  of  the  Final  Report  of  the 
Commission  on  Medical  Education  (December  1932).  Included  in  the 
Commission’s  comment  is  the  expressed  opinion  that  “dentistry  should  be 
developed  under  medical  education.”  No  reasons  for  this  intended  sub¬ 
ordination  of  dentistry  are  given  excepting  the  general  opinions  that  (a) 
“it  would  seem  logical;”  (b)  “would  be  consistent  with  university  principles 
which  no  longer  recognize  the  artificial  separation  of  fields  of  knowledge;” 
and  (c)  “would  go  far  toward  establishing  a  highly  desirable  and  valuable 
correlation  of  the  professional  training  of  these  two  closely  related  fields 
of  practice”  (medicine  and  dentistry). 

These  suggestions  for  the  subjugation  of  the  dental  profession  are  neither 
impressive  nor  persuasive.  To  the  Dental  Educational  Council,  cognizant 
of  the  related  facts  in  the  history  of  both  medicine  and  dentistry,  the  pro¬ 
posed  development  of  dentistry  *‘under”  medical  education,  in  the  United 
States,  (a)  would  seem  to  be  illogical;  (b)  would  be  inconsistent  with  uni¬ 
versity  principles  which  clearly  recognize  the  public  necessity  for  the  self 
determination  of,  and  for  appropriate  differences  in  education  for,  the  vari¬ 
ous  professions;  and,  (c)  instead  of  correlating  the  professional  training  in 
medicine  and  dentistry,  would  degrade  one  profession  for  the  exaltation  of 
the  other,  and  also  demoralize  the  service  of  the  practitioners  thus  dis¬ 
honored. 

There  should  be  intimate  coordination  between  the  principles  and  proce¬ 
dures  of  education  for  medical  practice  and  for  dental  practice.  Although 
remaining  independent,  these  two  forms  of  health-service  education  should 
be  made  more  closely  interdependent  for  the  betterment  of  each.  The 
Council  and  the  dental  schools  have  long  promoted  this  mutual  helpfulness. 
The  strengthening  of  this  constructive  educational  development,  in  the  public 
interest,  appeals  to  us  as  a  far  more  important  interprofessional  objective 
than  the  relegation  of  one  profession  to  a  position  of  enforced  inferiority. 
For  the  attainment  of  this  worthier  purpose,  we  pledge  the  cordial  interest 
and  effective  cooperation  of  the  faculties  of  the  dental  schools  in  the  United 
States. — Dental  Educational  Council:  minute;  annual  meeting,  Chicago, 
April,  1933. 


The  following  letter  by  President  Roosevelt,  issued  from  the  White  House 
on  July  28,  1933,  was  read  by  Surgeon  General  Hugh  S.  Gumming,  F.A.C.D., 
as  a  message  of  greeting  and  felicitation  to  the  American  Dental  Association 
at  the  opening  session  of  the  “diamond  jubilee  meeting”  in  Chicago,  Aug. 
7,  1933: 
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“It  is  with  much  pleasure  that  I  extend  through  you  congratulations  to 
all  those  attending  the  American  Dental  Association’s  Seventy-fifth  Annual 
Session. 

“Through  individual  and  organized  effort  this  profession  has  made  won¬ 
derful  advancement  and  dentistry  is  now  generally  recognized  as  one  of  the  most 
important  and  necessary  divisions  of  health  service.  [Italic  not  in  original.] 

“May  I  express  the  hope  that  this  progress  will  continue  and  that  even 
further  ways  of  making  the  dental  health-service  available  for  all  of  our 
people  will  be  found. 

“I  feel  that  the  whole  nation  should  be  proud  of  the  expansion  of  this 
profession  from  the  standpoint  of  a  social  service  which  is  of  such  major 
importance  to  the  welfare  of  our  people.  (Signed)  Franklin  D.  Roosevelt.” 


The  issue  of  the  Dental  Record  (London)  for  July  (1933,  liii,  pp.  361-62) 
contains  an  interesting  note  on  the  improvement  of  dental  education  in 
Great  Britain  under  the  General  Medical  Council,  which  has  lately  con¬ 
ceded  the  justice  of  constructive  criticism  to  the  effect  that  the  courses  for 
dental  students  in  medical  sciences  and  in  medicine  and  surgery  should  be 
“specially  adapted”  for  students  in  dentistry.  “As  the  President  [of  the 
General  Medical  Council  at  a  recent  meeting]  pointed  out,  the  dental  stu¬ 
dent  is  regarded  as  the  Cinderella  in  the  medical  school,  and  it  is  highly 
desirable  that  he  should  have  his  own  course  of  training.  The  Council 
approved  the  recommendations”  to  this  effect. 

The  issue  of  the  British  Dental  Journal  for  July  1  (1933,  Iv,  p.  24), 
referring  to  the  same  recommendations  by  the  General  Medical  Council, 
says:  “One  important  point  ....  is  the  emphasis  laid  on  the  desirability 
of  the  courses  at  the  medical  schools  [for  dental  students]  in  anatomy, 
physiology,  pathology,  medicine  and  surgery,  being  specially  adapted  for 
dental  students.  The  General  Medical  Council  regards  this  of  paramount 

importance . His  [dental  student’s]  requirements  are  so  specialized 

that  it  is  essential  that  he  should  be  given  special  courses  of  study  so  adapted 
as  to  serve  his  needs.” 

In  an  editorial  in  the  British  Dental  Journal  for  September  1  (1933,  Iv, 
pp.  255-57),  it  is  said  that  “.  .  .  .  the  ‘recommendations’  recently  adopted 
by  the  General  Medical  Council ....  insist  that  the  teaching  of  dental 
students  in  general  subjects  in  the  medical  schools  shall  be  adapted  specially 

for  students  in  dentistry . It  means  that  the  time  often  spent,  we  should 

even  say  wasted,  in  attending  long  courses  of  lectures  will,  by  this  shorten¬ 
ing,  be  free  for  the  study  of  subjects  more  essential  to  the  dentist’s  profes¬ 
sional  needs . The  whole  tenor  of  the  recommendations  ....  shows  it 

is  intended  that ....  [the]  tests  and  clinical  examinations  should  fit  in 
with  an  education  specially  adapted  to  students  in  dentistry.”  .... 
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Drain,  C.  L.:  caries;  pregnancy,  233 

- :  dental  caries;  bacteriology,  443 
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Foley,  Genevieve:  caries  in  animals; 

significance,  143,  247,  379 
Food.  See  Diet 
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- :  condylar  vs.  incisal  guidance,  279 

- :  cysts;  diagnosis,  7,  8 
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iii 

- :  future,  521,  iii 

- :  misstatements  corrected,  297 

- :  quotations;  dentistry,  533 

J^ARSHAN,  Maxwell:  caries;  animals 
— significance,  143,  247,  379 
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Karshan,  Maxwell  (con.):  caries;  enamel 
and  dentin,  238 

- :  teeth  and  bones;  diets,  301,  305 

Karsner,  H.  T.;  remarks;  dental  program 
—A.  A.  A.  S.,  162 

Kazanjian,  V.  H.:  dental  and  facial 
prosthesis;  surgery — face  and  jaws,  147 
Kellogg,  H.:  prophylactic  treatment,  279 
Kick,  C.  H.:  jaws  and  teeth;  F,  473 
Kitchin,  P.  C.:  enamel  development,  25 

- :  milk;  enamel,  187,  359 

Klein,  H.:  caries;  confusion,  199 

- : - ;  food-particle,  69 

- : - ;  immunity — discussion,  172 

- : - ;  oatmeal  diet,  189 

- :  F;  effects  on  teeth,  188 

Knighton,  H.  T.  :  fusiform  bacteria,  204 
Knudtzon,  K.  F.:  Commit,  on  Coopera¬ 
tion;  A.  A.  D.  E. — report,  295 
Komar  A,  M.  A.:  mandibular  osteomyelitis; 
maggot-therapy,  245 

Kotanyi,  Emerich:  actinomycosis;  treated 
with  lymph-gland  extract,  215 
Kramp,  E.  H.:  pulp  canals  and  periapical 
tissue;  diathermy,  206 
Krasnow,  Frances:  dietary  F,  239 

- :  salivary  proteins,  239 

Kronfeld,  R.:  periodontal  disease,  167 

- :  tooth  eruption,  193 

Kogelmass,  I.  N.;  bleeding;  control,  240 

r  ACTOBACILLI:  colonial  variations, 
^  236 

- :  strains  dissociated,  252,  323 

See  also  B.  acidophilus 
Large,  C.  H.:  Vincent  infection;  discus¬ 
sion,  65 

Larsen,  N.  P.:  medico -dental  research; 
Hawaii,  236 

Lesions:  bone;  diagnosis,  4 

- :  oral;  diagnosis,  1,  5 

Leucoplakia:  experiments;  rats,  208 
Leukemia:  oral  manifestations,  208 
Leverton,  R.  M.:  teeth;  F,  249 
Logan,  W.  H.  G.:  tumor;  jaw,  193 
Loos,  A.  E.:  impacted  canine;  removal,  240 
Louisville  Section;  1.  A.  D.  R.;  proceedings, 
275 


Lymph  glands:  extract;  treatment  of  ac¬ 
tinomycosis,  215 

Jy^A,  Y.  C.:  mottled  enamel,  73 

Macphee,  G.  G.;  caries;  immuno¬ 
logical  reactions,  273 
Maggot-therapy.  See  Treatment 
Mainland,  Donald:  mandible;  occlusal 
muscles,  243 

Mathis,  H.;  epignathus;  case,  215 
Matthews,  G.  P.:  mandibular  and  pala¬ 
tine  tori;  etiology,  245 
McBeath,  E.  C.:  caries;  control,  243 
McCollum,  E.  V.:  caries;  food-particle, 
69 

- : - ;  oatmeal  diet,  189 

- :  F;  effects  on  teeth,  188 

McDonald,  F.  W.:  Grenfell  Schol.  Com.; 

N.  Y.  A.  D.— report,  525 
McFarl.4ND,  R.  D.:  milk;  enamel,  187, 359 
McIntosh,  J.  F.:  mottled  enamel,  73 
McKay,  F.  S.:  mottled  enamel,  139 

- : - ;  production  stopped,  133 

Medical  care:  Commit,  on  Costs;  mis¬ 
representation — protested,  81,  333 
Medical  Education:  Commis.;  opinion  on 
dentistry  corrected,  329,  533 
Meltzer,  Samuel  James:  memorial,  iv 
Memorial:  Andrews,  Bates,  Bogue,  Grieves, 
Jackson,  Jarvie,  Jenkins,  Meltzer,  Peeso, 
Rhein,  Rice,  Van  Woert,  Williams,  iv 
Memorial  lecture:  Rhein;  first,  105 
Meno-gingivitis.  See  Gingivitis 
Merritt,  A.  H.:  Vincent  infection,  51; 
discussion,  66 

Messner,  C.  T.:  Commit,  for  Den.  Health 
Survey;  procedure,  212 
- :  science  aids;  restorations — discus¬ 
sion,  157 

Metabolism:  Ca;  general,  280 

- :  Ca — P;  periodontal  disease,  225 

See  also  Diet 

Metal:  molten.  See  Casting 
Metaphen:  sterilization;  oral  mucosa,  185 
Method(s) :  B.  acidophilus;  saliva,  198, 415 

- :  dental  research;  before  1800,  182 

- :  denture  bases;  movements,  201 

- :  firing;  porcelain,  235 
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Method(s)  {con.):  scientific;  dentistry,  223 

- :  setting- time;  plaster,  246 

- :  toothpastes;  on  stains,  227 

See  also  Apparatus,  Technic,  Treatment 
Midgley,  a.  L.:  Amer.  Col.  Den.;  proceed¬ 
ings  with  A.  A.  A.  S.,  136 

- :  misstatements  by  Commit,  on  Costs 

of  Med.  Care;  protested,  333 

- :  opinion  of  Commis.  on  Med.  Educ.; 

corrected,  329,  533 
Milk:  raw;  teeth  and  growth,  249 

- :  use;  enamel,  187,  359 

Miller,  E.  G.,  Jr.:  Gies  Fellowship,  532 
Miller,  S.  C.:  periodontal  disease;  re¬ 
search — discussion,  168 
MiUer,  (Mrs.)  W.  M. :  misrepresentation  of 
dentistry;  protested,  81,  333 
Minn.  State  Den.  Assoc.:  resolution; 
against  conclusion  of  Commis.  on  Med. 
Educ.,  535 

Molds:  metal;  plaster  teeth,  202 
Montelius,  George:  mottled  enamel,  73 

- :  teeth  of  Chinese,  501 

Mottled  enamel.  See  Enamel,  Fluoride 
Mouth:  condition;  scholarship,  228 

- :  edentulous  areas;  membrane,  159 

- :  leukemia;  manifestations,  208 

Mucous  membrane:  edentulous  areas,  159 
Munblatt,  M.  a.:  caries;  incidence,  200 
Myers,  R.  E.:  casting;  behavior  of  molten 
metal,  202,  275 

- :  - ;  discussion — Souder’s  com¬ 
ment,  278,  453 

Myers,  V.  C.:  saliva;  amylolysis — chlo¬ 
rides  and  phosphates,  311 

^^EOPLASM:  oral;  diagnosis,  9 

Neurohr,  F.  G.:  V'incent  infection; 
discussion,  66 

Neuwirth,  F.:  pulp;  treatment,  245 
New-born:  deciduous  teeth;  position  of 
germs,  217 

- :  palate;  form,  etc.,  223 

N.  Y.  Acad.  Den.:  Grenfell  Schol.  Commit.; 
report,  525 

- :  list  of  oflScers  and  committees,^523 

- :  proceedings,  51,  523 


N.  Y.  Acad.  Den.  (con.):  proceedings; 
memorial  resolutions — William  Rice, 
527 

- : - ;  Secretary’s  notes,  523 

Nitrous-oxygen-somnoform  anesthesia,  224 
Noyes,  F.  B.:  roots  of  temporary  teeth; 
absorption,  203 

QAKLEY :  mottled  enamel;  stopped,  133 
Oberst,  W.  F.  :  pregnancy;  caries,  233 
Oblatt,  E.  B.:  salivary  proteins,  239 
Occlusion:  congenital  syphilis,  196 

- :  muscular  forces;  mandible,  243 

- :  traumatic;  signs  in  jaws,  216 

Ochsenhirt,  N.  C.:  mandibular  osteo¬ 
myelitis;  maggot-therapy,  245 
Oral  mucosa:  sterilization;  metaphen  and 
iodin,  185 

Oral  pathology:  diagnosis,  1 

Oral  surgery:  intravenous  anesthesia,  234 

- :  what  is  it?,  129 

Orban,  B.:  continuous  eruptions  of  teeth; 
active  and  passive,  214 

- :  pulp;  paraformaldehyde,  215 

- :  traumatic  occlusion;  signs  in  jaws, 

216 

Organs:  F;  F  in  water-supply,  495 
Orthodontia:  cephalometry;  value,  151. 
See  also  Jaw,  Teeth 

Osteomyelitis:  mandible;  maggot  therapy, 
245 

Ottolengui,  R. :  views  on  trade-house  jour¬ 
nalism  opposed,  457 

Owre,  Alfred:  misrepresentation  of  dentis¬ 
try;  protested,  81,  333 

jpALATE:  form,  etc.;  new-born,  223 

- :  tori;  etiology,  245 

Palmer,  B.  B.:  report  of  Commit,  on 
Advertising;  A.  A.  D.  E.,  293 
Paradental  abscess:  special,  218 
Paradontium:  stresses,  190 
Paraformaldehyde:  action  on  pulp,  215 
Parathormone:  dentin;  blood  Ca,  194 
- :  dentition,  225 

Park,  W.  H.:  remarks;  Amer.  Col.  Den. — 
proceedings  with  A.  A.  A.  S.,  137 
Peeso,  Frederick  Austin:  memorial,  iv 
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Finn.  State  Den,  Soc.:  resolution; 
against  conclusion  of  Commis.  on  Med. 
Educ.,  536 

Periapical;  infection.  See  infection 

- :  tissue;  diathermy,  206 

Periodontal  disease:  Ca — P  metabolism, 
225 

- :  research;  progress,  167 

See  also  Paradental,  Paradontium 
Pettit,  L.  S.:  aplastic  anemia;  blood  after 
oral  treatment,  209 
Phosphates:  saliva;  amylolysis,  311 

- ; - ;  effect  of  diet,  511 

Phosphorus:  diet;  caries,  363 

- :  metabolism;  periodontal,  225 

See  also  Blood,  Bone,  Caries 
Physicians:  dentists;  interests,  105 
PiCHLER,  H.:  Black’s  principles;  filling 
Class-II  cavities,  216 
Plaque:  bacterial;  porosity,  198 
Plass,  E,  D.  :  pregnancy;  caries,  233 
Plaster:  Paris;  setting-time,  246 

- :  teeth.  See  Teeth 

Porcelain:  dental;  firing,  235 

- :  roots.  See  Roots 

Porter,  L.  J.:  N.  Y.  Acad.  Den.;  notes  on 
proceedings,  523 

Pregnancy:  caries;  prevention,  233 

- :  gingivae,  253 

- :  growth  of  teeth,  248 

Preissecker,  Otto:  faulty  dental  con¬ 
tacts;  damage,  217 

Presidential  addresses.  See  Addresses 
Price,  W,  A.:  alveolar  decalcification  and 
pyorrhea;  saliva,  195 

- :  caries;  immunity,  170 

- : - ;  relation  of  saliva,  195 

Pritchard,  G.  P.:  medico-dental  research; 
Hawaii,  236 

Proceedings:  dental  (stom.)  societies.  See 
Dental  (stom.)  societies 
Prophylactic  treatment:  tooth,  279 
Proprietary  journals.  See  Dental  journal¬ 
ism 

Prosthesis:  dental  and  facial,  147 

- :  full  denture;  movements,  201 

- :  partial  denture;  diagnostic  factors, 

117 


Prosthesis  (con.):  restorations;  scientific, 
154 

Proteins:  saliva;  variations,  239 
Protozoa:  oral;  T.  buccalis,  339 
Pulp:  “biologic”  treatment,  245 

- :  canals;  diathermy,  206 

- :  paraformaldehyde;  action,  215 

See  also  Roots,  Teeth 
Pyorrhea:  blood  P;  insufificiency,  191 

- :  relation  of  saliva,  195 

See  also  Gingivitis,  Paradental 


QUARTZ:  transparent;  wall  of  invest¬ 
ment  mold,  275,  337,  453 


J^ADIATION:  roentgen;  antiseptics,  184 
Radiography:  diagnosis;  oral,  1 

- :  maxillo-facial;  problems,  252 

Ralston,  Ruth:  salivary  P;  diet,  511 
Randall,  W.  M.:  condylar  guidance  vs. 
incisal,  279 

Rappleye,  W.  C.:  opinion  of  Commis.  on 
Med.  Educ.;  corrected,  330 
Ray,  R.  W.  :  toothpastes;  abrasion,  199 
Research:  dental;  progress,  138 

- :  Amer.  Dent.  Assoc.,  209 

- :  dental  education,  210 

- :  in  Hawaii,  236 

- :  methods  before  1800,  182 

- :  periodontal  disease,  167 

- :  three  epochs,  165 

- :  trends,  175 

See  also  Int.  Assoc.  Den.  Res.,  Jour.  Den. 
Res. 

Resolutions:  against  conclusion  of  Commis. 
on  Med.  Educ.,  536 

- :  N.  Y.  Acad.  Den.;  William  Rice,  527 

Rettger,  L.  F.:  lactobacilli;  strains  dis¬ 
sociated,  252,  323 
Rhein,  M.  L.:  memorial,  101,  iii 

- :  memorial  lecture;  first,  105 

R.  I.  State  Den.  Soc.:  proceedings,  117 
Rice,  William:  memorial,  527,  iv 
Rickert,  U.  G.:  research;  epochs,  165 
Ritchie,  S.  G.:  plaster  of  Paris;  setting¬ 
time — method,  246 

Robinson,  J.  B.  :  conclusion  of  Commis.  on 
Med.  Educ.;  comment,  537 
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Robinson,  J.  B.  (con.):  dental  research  and 
education;  interdependence,  210 
Rode,  H.  M.:  metaphen  and  iodin;  sterili¬ 
zation  of  oral  mucosa,  185 
Roentgenography.  See  Radiography 
Roosevelt,  F.  D.  :  letter;  Pres,  of  U.  S.  A. 

to  A.  D.  A.,  540 
Root(s):  amputations,  214 

- :  artificial;  tolerance,  207,  459 

- :  canals;  bacteria — false  negative  cul¬ 
tures,  206,  257 

- :  temporary  teeth;  absorption,  203 

See  also  Pulp,  Teeth 

Rosebury,  Theodor:  caries  in  animals; 
significance,  143,  247,  379 

- :  oral  lactobacilli;  colonial  variations, 

236 

- :  teeth  and  bones;  diets,  305 

Rosenstock,  S.:  salivary  P;  diet,  511 
Rowe,  A.  T.:  partial-denture  prosthesis; 
diagnostic  factors,  117 

gALIVA:  alveolar  decalcification  and  py¬ 
orrhea,  195 

- :  amylolysis;  chlorides  and  phos¬ 
phates,  311 

- :  B.  acidophilus;  dietary  regulation, 

425 

- : - ;  method,  198,  415 

- :  caries;  incidence,  195 

- :  composition,  183 

- :  effects;  B.  colt,  183 

- : - ;  gastric  digestion,  182 

- :  P;  effect  of  diet,  511 

- :  proteins;  variation,  239 

Schieffelin,  W.  J.;  misrepresentation  of 
dentistry;  protested,  81,  333 
ScHOENTHAL,  L.:  caries;  etiology,  227 
Scholarship:  mouth  condition,  228 
ScHONBAUER,  Franz:  epithelium;  elimina¬ 
tion  of  foreign  bodies  in  jaw,  217 
ScHOUR,  I.:  ergosterol  or  parathormone; 

dentin  and  blood  Ca,  194 
Schuyler,  C.  H.:  mucous  membrane  on 
edentulous  areas;  discussion,  160 
Schwarz,  A.  M.:  germs  of  deciduous  teeth; 

position  at  birth,  217 
Science:  aids;  restorations,  154 


Science  (con.):  method;  dentistry,  223 
Scurvy:  latent;  dental  defects,  233 
Sedwick,  H.  j.:  caries;  in  rats,  197,  429 

- :  mandibular  injection;  path,  248 

- :  pregnancy  and  deficient  diets;  growth 

of  teeth,  248 

Serle,  Anna:  dietary  F;  effects,  239 
Shand,  E.  W,:  Howe’s  solution,  186 
Shelling,  D.  H.:  caries;  rats,  363 
SiCHER,  Harry:  paradental  abscess,  218 
Siegel,  M.  T.:  mouth  bacteria;  rinsing, 
184 

Silhouettes:  x-ray;  facial  growth,  151 
Silver  nitrate:  prophylactic  treatment; 

tooth,  279.  See  also  Howe’s  solution 
Simpson,  G.  G.  :  mammalian  dental  evolu¬ 
tion;  new  theory,  261 
Smith,  M.  C.:  teeth;  effects  of  F,  249 
Societies:  dental  (stom.).  See  Dental 
(stom.)  societies 

Socio-economic  conditions:  change,  113 
Sodium  chloride:  sterilization,  205 
Somnoform.  See  Anesthesia 
SouDER,  Wilmer:  discussion;  criticism  by 
Myers,  337 

- :  restorations;  scientific,  154 

Spalding,  G.  R.  :  Commit,  on  Den.  Litera¬ 
ture;  A.  A.  D.  E. — report,  293 
Sprawson,  Evelyn:  raw  milk;  influence  on 
teeth  and  growth,  249 
Stathers,  F.  R.  :  congenital  sypMlis;  occlu¬ 
sion,  196 

Sterilization:  electro;  electrolytes  com¬ 
pared,  205 

- :  oral;  metaphen  and  iodin,  185 

Stofsky,  N.  :  enamel  and  dentin,  238 
Stoloff,  C.  I.:  meno-gingivitis,  190 
Stomatological  societies.  See  Dental  (stom.) 
societies 

Stomatology:  section  in  Amer.  Med. 

Assoc.;  proposed,  455 
Strosnider,  C.  W.  :  metal  molds  for  plaster 
teeth;  teaching  purposes,  202 
Sundwall,  J.  A.:  misrepresentation  of 
dentistry;  protested,  81,  333 
Surgery:  face  and  jaws;  prosthesis,  147. 

See  also  Oral  surgery 
Syphilis:  congenital;  occlusion,  196 
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'J'AYE,  A.  C.:  toothpastes;  action  on 
stain  deposits — method,  227 
Taylor,  C.  M,:  Vincent  infection;  discus¬ 
sion,  64 

Technic:  removal;  impacted  canine,  240. 
See  also  Method 

Teeth  (tooth) :  “biologic”  data,  235 

- :  calcification;  diets,  189,  301,  305 

- :  Chinese;  general  study,  501 

- :  configuration;  occlusal  surfaces — 

caries,  125,  226 

- :  deciduous;  germs  at  birth,  217 

- ; - ;  root  absorption,  203 

- :  defects;  latent  scurvy,  233 

- :  eruption;  continuous,  214 

- : - ;  factors,  193 

- :  extraction;  agranulocytosis,  196 

- :  F  effects;  188,  223,  239,  249, 473, 495 

- : - ;  F  in  water-supply,  495 

- :  face;  height — dental  length,  232 

- : - ;  relationships,  280 

- :  faulty  contacts;  damage,  217 

- :  germ;  vitamin-A  deficiency,  39 

- :  growth;  pregnancy  and  diet,  248 

- :  hyperparathyroidism,  250 

- :  impacted  canine;  removal,  240 

- :  mammalian;  evolution,  261 

- :  molar  (elephant);  morphology,  213 

- :  plaster;  metal  molds,  202 

- :  prophylactic;  silver  nitrate,  279 

- :  pulpless;  status,  146 

- :  relations  to  facial  points,  280 

- ;  restorations;  science  aids,  154 

- :  stains;  action  of  toothpastes,  227 

- :  use  of  raw  milk;  influence,  249 

See  also  Caries,  Dentin,  Enamel,  Infec¬ 
tion,  Occlusion,  Pulp,  Roots 
Thoma,  K.  H.:  caries;  nutritional  disease 
(?),  251 

- :  hyperparathyroidism;  effect  on  tooth 

development,  250 

- :  radiographic  diagnosis;  oral,  1 

Thomas,  E.  A.:  address;  A.  A.  D.  E.,  290 
Tissue:  reaction;  roots,  207,  459 

- :  tolerance;  guttapercha,  189 

Toothpastes:  abrasiveness,  199 

- :  stain  deposits;  method,  227 

Tori:  mandibular  and  palatine,  245 


Trade-house  journals.  See  Dental  journal¬ 
ism 

Traumatic  occlusion.  See  Occlusion 
Trauner,  R.:  heredity;  dentistry,  219 
Treatment:  actinomycosis;  lymph-gland 
extract,  215 

- :  “biologic;”  pulp,  245 

- :  diathermy;  periapical,  204,  206 

- :  infection;  Vincent,  51 

- :  oral;  blood  in  anemia,  209 

- :  osteomyelitis;  maggots,  245 

- :  tooth;  silver  nitrate,  279 

See  also  Sterilization 

Trichomonas  buccalis:  favorable  oral  con¬ 
ditions,  339 

Tumors:  hypophysis;  like  jaw  tumors,  194 
- :  jaw;  unusual,  193 

yAN  HUYSEN,  G.:  enamel  and  dentin; 
x-ray  opacity,  187 

Van  Woert,  Frank  Thom:  memorial,  iv 
Vehe,  K.  L.:  maxillo-facial  radiography; 
problems,  252 

Vincent  infection:  etiology,  etc.,  51 
Vitamin:  A  deficiency;  tooth  germ,  39 

- :  D;  caries — ^local  application,  220 

See  also  Diet,  Teeth 

■yyACH,  E.  C. :  saliva;  composition,  183 
Walker,  A.  S.:  research;  discussion, 
166 

Warren,  S.  L.:  enamel  and  dentin;  x-ray 
opacity,  187 

Water  supply:  F;  F  in  bones,  teeth,  etc., 
495 

- : - ;  mottled  enamel,  133 

Waugh,  L.  M.:  jaws  and  face  of  Eskimo; 

diet  on  development,  149 
Weinmann,  Josef:  caries;  local  application 
of  vitamin  D,  220 

- :  traumatic  occlusion;  signs  in  jaws, 

216 

Weinstein,  Louis:  lactobacilli;  strains  dis¬ 
sociated,  252,  323 

Whittle,  H.  L.:  caries;  oatmeal,  189 
Wiener,  R.  :  enamel  and  dentin,  238 
Winslow,  C.-E.  A.:  misrepresentation  of 
dentistry;  protested,  81,  333 
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Wolf,  Hermann;  dentin;  fibrib,  220 
Wood,  Claude:  Commit,  on  Cooperation; 

A.  A.  D.  E. — report,  295 
Weight,  W.  H.:  mucous  membrane;  eden¬ 
tulous  areas,  159 

^-RAY :  opacity;  enamel  and  dentin,  187 

- ;  silhouettes;  facial  growth,  151 

See  also  Radiography 


VAUS,  E.  A.:  saliva;  gastric  digestion, 
182 

Zentmire,  Z.:  caries;  bacteriology,  443 
Zinc  iodide:  electro-sterilization,  205 
ZisKiN,  D.  E.:  gingiva;  pregnancy,  253 
ZuGSMiTH,  Robert:  tissue  reaction;  arti¬ 
ficial  roots,  207,  459 
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